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3,234,689
DOLL CONSTRUCTION FOR NATURAL MOVE-
MENTS AND POSITIONS
John W. Ryan, Bel Air, Calif., assignor to Mattel, Inc.,
Hawthorne, Calif., a corporation of California
Filed June 8, 1962, Ser. No. 261,059
14 Claims, (ClL 46—161)

The present invention refers to a novel doll construc-
tion adapted to attain numerous natural movements and
positions. More particularly, the present invention re-
lates to doll construction which is adapted to permit the
doll trunk appandages, i.e. the doll’s arms, legs, and head,
to reproduce closely the movement and positions of the
human body. The term “trunk” is used to designate herein
the central portion or torso of the body.

As is generally known, the construction of dolls for
children’s toys is a well developed art with many va-
rieties of dolls, both male and female, having been pro-
duced. One of the main problems involved in production
of dolls has been the achievement of a realistic reproduc-
tion of humans, particularly the movements and posi-
tions of the human appendages. It has been found par-
ticularly difficult to reproduce the various movements
and positions of human appendages simply and inex-
pnesively, since such appendages are normally free to
move in many different directions and to obtain a wide
range of positions. For example, the human leg may
rotate parallel to a plane bisecting the human trunk up
to an angle of at least about 40 degrees to said bisecting
plane and about its longitudinal axis.

A common solution to the problem of simulating the
movement of the human appendages, such as legs, is to
rotate the leg about an axis perpendicular to a plane bi-
secting the human trunk and passing through the lower
portion of the trunk. However, such a solution permits
the rotation of the leg only in a plane parallel to the side
of the body. Many other forms of joints have been
utilized, but they normally have only a similarly limited
degree of movement and consequently make such move-
ment look very unnatural. Also, many of the prior art
doll joints, in order to obtain even such limited freedom
of movement required joint elements having sharp edges
and other irregularities. Consequently, many of these
joints bore little resemblance to the smooth contour of
the corresponding joints of the human body. In addi-
tion, such prior art in all joints could maintain the posi-
tions of the human appendages over only a much more
limited range of positions than the range of movement
of the appendages. For example, prior art doll legs could
be rotated sideways to a large angle but required external
force to maintain such positions. Also, prior art dolls
a straight-out position. Such leg positions combined
normally utilized symmetrical pairs of legs rigidly set in
with the limited movement of the hip joint made the doll
assume very stiff and unnatural poses.

Consequently, an object of the present invention is a
doll construction which is adapted to permit the doll ap-
pendages to reproduce closely the natural movements and
positions of the human body appendages.

Another object of the present invention is a doll joint
having a smooth contour closely resembling the corres-
ponding portion of the human body over a wide range of
positions of the appendage.

Still another object of the present invention is a doll
construction which is simple and inexpensive to manu-
facture and yet result in a rugged, long-lasting construc-
tion.

Still another object of the present invention is a doll
with legs adapted to permit the doll to assume numerous
natural positions.
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Other objects and advantages of the present invention
will be readily apparent from the following description
and drawings which illustrate exemplary embodiments
of the present invention.

In general, the present invention involves a doll con-
struction adapted to permit the doll appendages, par-
ticularly its legs, to reproduce closely the movements
and positions of the human body appendages. The doll
of the present invention involves an appendage attached
to the doll trunk having a curved recess therein extending
over substantially the whole inner surface of the portion
of the appendage adjacent to the doll trunk. Such recess
has substantially the same radius of curvature as has the
trunk portion to which it is attached. The outer surface
of said portion of the appendage preferably has substan-
tially the same radius of curvature adjacent to the adjoin-
ing trunk portion as said trunk portion. The doll’s trunk
has a portion adjacent said appendage having a boss with
a curved surface matingly received in said appendage re-
cess and the rtecesses cover about 20% to 40% of the
total surface area of said boss. The trunk portion is
adapted to form with the appendage portion a joint hav-
ing a substantially smooth contour closely resembling the
corresponding region of the human body over a wide
range of appendage positions and having substantially
uniform frictional forces maintaining the appendage po-
sition over the entire range of appendage positions. The
present invention also includes fastening means for main-
taining said trunk boss and appendage recess in mating
frictional relationship. The joint and fastening means
are adapted to permit the appendage to independently
rotate parallel to a plane bisecting the doll trunk, angu-
larly to said bisecting plane up to an angle of at least
about 40 degrees and about the longitudinal axis of said
appendage. Also, the doll arms may be constructed and
fastened to the doll the same way as the legs and head.

In order to facilitate an understanding of the doll con-
struction of the present invention, reference will now be
made to the appended drawings of specific embodiments
of the present invention. Such drawings should not be
construed as limiting the invention which is properly set
forth in the appended claims.

In the drawings, FIG.1 is a perspective view of the
preferred embodiment of the present invention.

FIG. 2 is a front view of the doll shown in FIG. 1.

FIG. 3 is a side view of the doll shown in FIG. 1.

FIG. 4 is a rear view of the doll shown in FIG. 1.

FIG. 5 is a variation of the front view shown in FIG.
2 wherein the legs are shown crossed.

FIG. 6 is another variation of the front view shown
in FIG. 2 wherein the legs are shown with the feet placed
on a substantially straight line.

FIG. 7 is an enlarged cross-sectional view of the hip
portion of FIG. 3 taken along the lines VIF—VIL of
FIG. 3.

FIG. 8 is a cross-sectional view of FIG. 2 taken along
the lines VIH-—VIII of FIG. 2.

FIG. 9 is a geometrical representation of the hip and
leg portions of the preferred embodiment of the present
invention.

FIG. 10 is a partial cross-sectional view of the hip
portion of a doll showing another embodiment of the
present invention.

In FIGS. 1-8, the doll 1 has legs 16 and 10’ respec-
tively attached to its trunk 2. Tegs 10 and 10’ have
substantially spherical recesses 11 and 11’ respectively
therein extending over substantially the whole inner sur-
face of the upper portions of the legs 10 and 19" adjacent
to the doll trunk 2. The pelvic portion 3 of trunk 2 adja-
cent legs 10 and 107 has a single generally spheroidal boss
4 matingly received in the leg recesses 11 and 11’ with
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said recesses covering about 40% to 80% of the spheroi-
dal surface defined by said boss 4. The resulting edges
of recesses 11 and 11’ are flexible and the edges of said
recesses 11 and 11’ lie in planes at an angle in the range
of about 5 degrees to 25 degrees to a fore-and-aft vertical
plane bisecting the doll trunk when the axis of the doll
trunk and the upper portions of the legs are oriented
perpendicular to a flat surface on which the doll is stand-
ing (see FIG. 7, for example, where the angle is ap-
proximately 15°). More particularly, boss 4 has a hori-
zontal cardioidal cross section as shown in FIG. 8 al-
though it may also be described as generally elliptical.
The pelvic portion 3 is adapted to form with the upper
portions 12 and 12’ of legs 10 and 19’ joints 13 and 13’
respectively having substantially smooth contours closely
resembling the corresponding hip joints of the human
body over the usual range of leg positions and having
substantially uniform frictional forces maintaining the leg
position over the entire range of such leg positions. The
recesses 11 and 11’ have substantially the same radius of
curvature as the lateral portions of boss 4 and the outer
surfaces of upper portions 12 and 12’ have substantially
the same radius of curvature adjacent to the adjoining
portions of boss 4 as said boss portions.

Recesses 11 and 11’ of legs 10 and 190’ have knobs 14
and 14’ rtespectively projecting inwardly from their cen-
tral portions. Boss 4 has truncated portions 5 and 5’
‘with substantially circular holes 6 and 6’ respectively
therethrough for receiving the recess knobs 14 and 14/
respectively. The holes 6 and 6’ and knobs 14 and 14’
are adapted to limit the rotation of legs 10 and 190’
angularly to a plane bisecting the doll trunk and to limit
the rotation of the legs about their longitudinal axis to
.ranges natural to the human body. Thus the legs 10
and 10’ as shown in FIG. 2 may be rotated angularly to
the plane bisecting the doll trunk to an angle of about 40
degrees. Similarly, the legs 10 and 10’ may be rotated
.about their longitudinal axis, either rearwardly or front-
wardly, into abutting relationship.

Fastening means 20 for maintaining the pelvic boss 4
and the leg recesses 11 and 11’ in mating frictional rela-
tionship include an elastic bar 21 having frusto-conical
end portions 22 and 22’ respectively with the bases of
said end portions 23 and 23’ respectively being attached
to the bar 21. The end portions 22 and 22’ are received
in substantially spherical cavities 15 and 15" in the knobs
14 and 14’ respectively and the entrances 16 and 16’ of
cavities 15 and 15’ respectively have frusto-conical shape
slightly smaller than the conical end portions 22 and 22’.
. Consequently, when the conical end portions 22 and 22’
are inserted in said cavities, they are compressed and
then expanded to become engaged within the cavities.
Such engagement permits rotation of the legs 10 and 10’
into numerous natural positions and forms sufficient
frictional contact between the adjoining trunk and leg
surfaces. so that such positions are maintained without
the aid of external force. The hip joints 13 and 13’ .and
the fastening means 20 are adapted to permit legs 10 and
10’ to independently rotate laterally of the doll trunk up
to an angle of at least about 40 degrees and also about
their own longitudinal axes into mutual abutting relation-
ship.

The front section 7 of pelvic portion 3 has a radius of
curvature substantially larger than the remaining por-
tions of the pelvic boss so that the doll as a whole has
only a slightly curved stomach which does not protrude
beyond the front of the legs. The rear section 8 of pelvic
portion 3 has a central vertical crevice 9 with rounded
edges so that the crevice is adapted to receive the upper
leg portions when the legs are rotated rearwardly about
their longitudinal axis. The contour of front section 7
and rear section 8 forms a pelvic boss having a horizontal
generally cardioidal cross-section as shown in FIG. 8.

The side waist portions 2’ of the doll trunk 2 flare
outwardly and downwardly in the direction of the pelvic
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portions and are then undercut inwardly to permit the
free rotation of legs 10 and 10°, The undercut of the
side waist portions 2’ is generally horizontal but pref-
erably downward to fit the displacement of the upper
portions -of the legs 10 and 10’ when they are swung
outwardly at an angle to a fore-and-aft vertical plane
bisecting the doll trunk. The legs 10 and 10’ are rigid;
however, preferably one of the legs, e.g. leg 10 is bent
at an angle in the range of about 10 degrees to 30 de-
grees; for example, about 20 degrees in a plane parallell
to a plane bisecting the doll trunk when the upper leg
portion is maintained parallel to said bisecting plane..
Preferably, the lower.leg portion of said bent leg, ie.
the portion below the knee, is also bent at an angle im
the range of about 1 degree to 15 degrees; for example,
about 10 degrees in a plane angularly to a plane bisecting
the doll body when the upper leg portion is maintained
parallel to said bisecting plane. The combination of
at least one bent leg and the hip joints of the present
invention are adapted to permit the doll to assume
numerous natural positions, such as being able to cross
her legs (FIG. 5) or to assume the standard poses of
fashion models, e.g. FIGS. 1-4 or placing the feet on a
substantially straight line, one in front of the other
(FIG. 6).

It has been found that the ratio of the length of the
doll trunk to the diameter of the pelvic boss should fall
within a definite range so that the doll may be able to
closely reproduce the movement and positions of the
human legs while retaining natural human proportions
and contours. This range has been found to be about
2.4 to 4.0. Specifically, when the doll trunk is about
3-31% inches in length, the pelvic boss should range about
78—1%4 inches in diameter, and preferably the diameter
is about 1-1%% inches.

The head 30 attached to the doll trunk 2 has a spheri-
cal recess 31 in the portion 32 attached to the neck por-
tion 49 .of doll trunk 2. The neck portion 48 of trunk
2 adjacent to the head 36 has a spherical top 41 matingly
received in the head recess 31. The neck portion 40 is
adapted to form with the adjacent portion 32 of the
head 30, a joint 33 having a smooth contour closely
resembling the corresponding neck joint of the human
body. The neck top 41 and the head recess 31 are
maintained in mating relationship by means of an elastic
fastening means 50. Fastening means 50 is adapted
to permit the head 30 to rotate independently in a plane
parallel to a plane bisecting the doll trunk, angularly to
said bisecting plane up to an angle of at least about 40 de-
grees and about the longitudinal axis of the head 30. Fas-
tening means 506 .includes-an elastic bar 51 which may be at-
tached to bar 21 or to means connecting the arms (not
shown).  Bar 51 has a conical end portion 52 with a
base 53 attached to bar 51. Conical end portion 52 is
received in cavity 34 in the portion 32 of the head 3¢
matingly fitted to the adjoining neck portion 41. The
entrance 35 of the cavity 34 has a frusto-conical shape
slightly smaller than the conical end portion 52 of
bar 51. Consequently, when the conical end portion 52
is inserted into cavity 34 it is compressed and then ex-
panded to become engaged therewith while permitting
the rotation of the head and maintaining of the head
in any desired position.

In addition, doll 1 may stand on a platform 60 having
a plurality of holes 61 therein. Conveniently the doll
1 is selectively engaged in holes 61 by means of elonga-
tions 63 of its shoe heels 62. Alternatively, the shoes
64 may have additional downwardly directed pegs (not
shown) thereon for rotatably mounting the doll 1 on
platform 68. By so mounting the doll of the present
invention on a platform the various doll leg positions.
may be accurately arranged in any desired manner and
the doll will remain standing in such position. Also
many variations of each position may be obtained merely
by rotating the doll trunk which causes the legs to adjust
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to the trink position while the feet fémain in fixed posi-
tions. In other words, one or more pegs between the
heel or sole and platform may be provided.

In FIG. 9, a geometrical representation of the legs
of the preferred embodiment of the present invention
is shown to illustrate their preferred proportions in rela-
tion to the hips and the result of bending the right leg.
The thigh portions 7¢ and 70’ of legs 10 and 16 re-
spectively are frusto-comical in shape with their bases
adjacent npper leg portions 12 and 12’ respectively. The
ratio of the diameter of the base to the diameters of
the apexes of the thigh portions 70 and 7¢' is in the
range of about 1.6 to 2.7, while the ratio of their heights
to the diameters of their bases is in the range of about
2.2 to 3.3. The knee portions 71 and 71’ of legs 19
and 10’ respectively are frusto-conical in shape with
their apexes at the knee adjacent the thigh portions 70
and 70’ respectively. The ratio of the diameter of the
bases to the diameters of the apexes of the knee por-
tions 71 and 71’ is in the range of about 0.8 to 1.9, while
the ratio of their heights to the diameters of their bases
is in the range of about 1.2 to 2.3.

Finally, the calf portions 72 and 72’ of legs 10 and
16’ respectively are frusto-conical in shape with their
bases adjacent the bases of the knee portions 71 and
71’ respectively. The ratio of the diameters of the bases
to the diameters of the apexes of the calf portions 72
and 72’ is in the range of about 2.1 to 3.2, while the
ratio of their heights to the diameters of their bases in
the range of about 2.0 to 3.1

In FIG. 10 is illustrated the doll construction of the
present invention wherein the boss 47 is substantially
elliptical and the fastening means is an elastic garment
80 worm by the doll. The elastic garment 86 is stretched
to cover the upper leg portions 12 and 12’ adjacent to
the doll trunk 2’ and the adjoining portion of the doll
trunk, i.e. boss 4.

Also, the recesses 11" and 11’ of the legs 10”’ and
10"’ respectively are simply matingly received on the
pelvic boss in such fashion that the legs can be rotated
forward and backward and side to side or any combina-
tion of such movements. In addition, each of the legs
may be rotated about its longitudinal axis while the hip
joint maintains a substantially smooth contour closely
resembling the hip joint of the human body. Similarly,
the frictional forces are maintained substantially uniform
for each leg position over the entire range of leg positions.

There are many features in the present invention which
clearly show the significant advance the present inven-
tion represents over the prior art. Consequently, oanly
a few of the more outstanding features will be pointed
out to illustrate the unmexpectéd and unusual results at-
tained by the present invention.

One of the features of the present invention is the
joint between the leg and the pelvic portion of the doll
body. Such hip joint is adapted to permit the leg to
teproduce closely the movement of the human leg while
retaining a substantially smooth contour closely resem-
bling the human hip joint. By utilizing a single, substan-
tially spherical boss on the doll trunk fitted into recesses
in the upper portions of the legs, the hip movement is
closely reproduced and maintained over a wide range
of leg positions. In addition, by utilizing a pelvic boss
having a horizontal cardioidal cross-section, both the
normal contour of the body and the normal movement
of the hip joint are more closely obtained. By the
use of such hip joint the legs may be moved quite freely
to the front and to the back into abutting relationship,
but their movement is more restricted from side to side
and about their longitudinal axis. It should be noted
that such action fits relatively close to the freedom of
movement of the normal hip joint.

Another feature of the present invention is that the
hip joint of the present invention in combination with
the bent form of at least one of the legs permits the
legs to obtain a wide range of positions, such as crossing
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the legs, putting the feet one in front of the other on
a substantially straight line, and many other positions.
In addition, the hip configuration permits the joint to
maintain substantially the same frictional engagement
over the whole range of its leg positions. For example,
one of the legs may be bent upwardly to the side to
an angle of, say, 30 degrees, and such position is main-
tained without the aid of external force.

Still another feature of the present invention, as illus-
trated in the drawings, is the proportion and location
of the various parts of the doll of the present invention.
Thus, for example, the proportions of the leg contours
and the pelvic boss are preferably adapted to facilitate
the movement and positioning of the legs. Similarly,
the straight line connecting the pelvic boss to the hori-
zontal axis between the doll shoulders is preferably lo-
cated behind the doll trunk axis to facilitate the upright
positioning of the doll trunk while the leg positions are
varied over a wide range.

Still another feature of the present invention is the un-
usual fastening means which may be combined with the
joint of the present invention. For example, by utilizing
the fastening means illustrated in FIGS. 7 and 8, freedom
of movement of the appendages is obtained very simply
while maintaining uniform {frictional engagement with
the adjoining trunk portion. Also the fastening means
shown in FIG. 10 permits simple exchange of legs on
the doll, e.g. legs have different degrees of bending.

Tt will be understood that the foregoing description and
drawings are only illustrative of the present invention and
it is not intended that the invention be limited thereto.
Many other specific embodiments of the present inven-
tion will be obvious to one skilled in the art in view of
this disclosure. All substitutions, alterations and modi-
fications of the present invention which come within the
scope of the following claims or to which the present in-
vention is readily susceptible without departing from the
spirit of thé scope of this disclosure are considered part
of the present invention.

1 claim:

1. In a doll construction: a body having a trunk; the
lower extremity of said trunk comprising a single bulbous
boss with substantially the entire outer surface thereof
defining a smooth and continuously convex surface of
generally spheroid shape; a pair of legs, each having a
concave recess extending over substantially the entire in-
ner surface of the upper portion thereof, each recess re-
ceiving a lateral portion of said bulbous boss and being
substantially complementary in shape to the surface there-
of with said recesses each covering about 20% to 40% of
the external surface area of said boss; the juncture be-
tween the outer surface of the upper portion of each leg
and the boundary edge of its recess defining a relatively
thin edge and said outer surface being configured to sub-
stantially the same curvature as the adjacent exposed
portions of said boss and adjacent portions of said body
to define therewith a surface closely simulating the sur-
face of the pelvic region of a human body; and fasten-
ing means holding said boss and recesses in frictional
mating relation while permitting said legs to swing in
any direction independently of each other on said boss
and laterally outwardly from a fore-and-aft vertical plane
bisecting said doll trunk up to an angle of at least about
40 degrees from said plane.

2. A doll construction as defined in claim 1 wherein
the boundary edge of each recess lies in a plane at an
angle in the range of about 5 degrees to 25 degrees to said
fore-and-aft plane bisecting the doll trunk when the axis
of said doll trunk and the upper portion of the legs ad-
jacent to the doll trunk are oriented perpendicularly to
a flat surface on which the doll is standing.

3. A doll comstruction as defined in claim 1 wherein
said boss is substantially circular in vertical section in
a plane extending laterally of said trunk.

4. A doll construction as defined in claim 1 wherein
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said boss is formed with its laterally opposed sides trun-
cated.

5. A doll construction as defined in claim 1 wherein
said boss is gemerally elliptical in horizontal section.

6. A doll construction as defined in claim 1 wherein
said fastening means is a removable elastic garment worn
by the doll and stretched to embrace said upper portions
of said legs and said bulbous boss.

7. A doll construction as defined in claim 1 wherein
said boss has an opening extending laterally therethrough
the lateral extremities of which are substantially circular,
a knob projecting from the central portion of each leg
recess and into said .bore, said bore and knob func-
tioning to limit the said swinging of the legs outwardly
of said plane and about the longitudinal axes of said legs
to ranges natural to the human body.

8. A doll construction as defined in claim 1 -wherein
the ratio of the length of the doll trunk to the diameter
of said bulbous boss is in the range of about 2.4 to 4.0.

9. A doll construction as defined in claim 1 wherein
the front surface of said bulbous boss has a substantially
larger radius of curvature than the remrainder thereof.

10. A doll construction as defined in claim 1 wherein
the rear surface of said bulbous boss has a central ver-
tical crevice with rounded edges adapted to receive the
rear edges of said upper leg portions when the legs are
rotated rearwardly about their longitudinal axes.

11. A doll construction as defined in claim 1 wherein
said bulbous boss has a horizontal cardioidal cross sec-
tion. '
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12. A doll construction as defined in claim 1 wherein
the side waist portion of the doll trunk adjacent said
bulbous. boss is undercut inwardly to accommodate the
upper portions of the legs when said legs are swung out-
wardly of said plane.

13.- A doll construction as defined in claim 1 wherein
said legs are rigid, with the lower portion of one of said
legs being bent, at the knee thereof, at an angle in the
range of about 10 degrees to 30 degrees relative to the
upper portion thereof,

14, A doll construction as defined in claim 13 wherein
the lower portion of the bent leg is further bent laterally
outwardly at an angle in the range of about 1 degree to
15 degrees to said upper leg portion.
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- chamfered or Develed, as shown at @ a in the

UNITED STATES

PateEnT OFFICE.

'SAMUEL COLT, OF PATERSOY, NEW JERSEY.

IMPROVEMENT IN FIRE-ARMS AND IN

THE APPARATUS USED THEREWITH.

Bpecification forming part of Letters Pateut Ko. §,804, dated August 28, 1839,

To all whom +t may concern: , »

Be it known that I, SAMUEL Covt, of Pat-
erson, in the county of Passaic and State of
New Jersey, did obtain Letters Patent of the
United States for an Improvement in Fire-
Arms, which Letters Patent bear date on the
. 25th day of February, in the year 1836, and
that I have made certain improvements in the
coustruetion of the said fire-arms, and alse in
the apparatus for loading and priming the
same; and I do liereby delare.that-the follow-
ing is a full and exact deseription of my said
improvements, i,

My first improvements appertain to rifles,

guns, and pistols; my second to the construe- |
tion of a eap-primer for containing the pereas.
&ion-caps and placing the same upon the nip-
ples, and my third to a flask and other ap-
paratus for loading the rifle or gun.
- Forthegeneral construction of my fire-arms,
as originally patented I refer to the Letters
-Patent first above named, the same being nee-
essary to a perfect understanding of the im-
provements thereon, which I am now about {0
describe. i

- Figure 1in the accompavying drawings rep-
resents & section through the loek and breech’
of my rifle or gun aund two of'the chambers of
the revolving receiver, B being a part of the
barrel of the gun. The mouths of the chambers
and the end of the barrel have their edges

drawings. 'In all guns of this description there
is necessarily @ lateral discharge Letween the
- receiver and the barrel, and this lateral dis-
charge may endanger the igrition of the pow-:
der-in the loaded chambers not in contact with
the barrel; but the ignited matter, by coming
into contact with the beveled edge as it crosses
said chamber, is-effectnally reflected off, and
does not enter them. The beveling of the end
of the barrel is not a thing of importance, it
being intended merely to prevent its scraping
or cutting.the ball in its passsge from the
¢hamber, - - e -
Fig. 2 shows a part of the arbor upon which |
the receiver turns, b is the portion thereof-
which is immediately below the chamber in con-
tact with the barrel,and in this part achannelor
greoveis made deseending from the point b in
bothdirections,soas toformtwoinclined planes

meeting at the point 3. These plunes or see-
tions of the grooves may form an angle at for-
ty-five degrees with each other. This groove
or channel serves as a chimaey to conduet off
the smoke of thelateral discharge, so that it
shall pass direetly hetween the receiver and

-the barrel and prevent its spreading, so as to.

pass in between the receiverand the arbor and
tire barrel and the arbor, and consequently
from condensing there and rendering them

foul. The barrel is connected with the receiver

and with the stock of the gun by the aid of
the arbor which at thé rear end, is a solid
piece with the shield or solid piece of metal
which receives the recoil and constitates a
component part of the metallic frame-work or
foundation of the lock and its appendages.
The part O of the arbor is that upon which the
receiver revelves, and the part O enters a cy-
lindrieal eavity in 4 mass of iron, B D, to which -
the barrel is braz:d or othersrise attached.

Fig. 3 shows the piece of iron D D and a
part of the barrel B which is attached to it.
Thedotted linesin thisrepresentthecylindrieal
cavity wlich receives the outer end of the ar-
bor C/. The two are keyed together by the
passing ofa suifable key throngh a mortise in -
the piece Ib D-and a corresponding one in the
arbor, R .

¢, Figs. 1,3, 4, and 5, represents the key.
Tlig. 4 shows its upper and Fig. 5 its noder.:
side. ¢ d are two fluted channels along its
upper side to receive the heads of two serews -
which are screwed iuto the piece D' D eloge to
the ‘mortise and on the side opposite to that
shown in Fig. 3. The heads of these screws

| lap a little over the miortise and are received
- These heads pre-

into the fluted channelsd d.
vent the key from falling out and eheck it in
either direction, and must be withdrawn in or-
der to remove the key, = Asthe key.¢cis to act

laterally as 2 wedge to draw the receiver and

the barrel into proper contact, it is'of import- -
ance that it shoold be checked wlien forced
sufliciently far in, or the receiver might be
wedged up and preyvented from turping:. For

¢

this purpose I insert a screw, ¢, Fig, 3, into the

steel buiton 7, which is attached to D' D, to
strengthen the end of the mortise and prevent
the bruising of it by the recoil. The head of -
this sorew, overlapping the end of the mortise,
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receives the wedge and chedks it. By turning

this screw the force of the wedge may be tem-.

pered. In Fig, 5, ¢is a spring-latch on the an-

der side of the key, which catches upon D

when the key is forced in and prevents its ae-

eidental removal.

- Fig. 6 represcnts a percussion tabe or nip-

ple, through which the fire fromthe percussion-
_eap is to be conducted to the chamber. TFig.

Trepresentsthe sameinsection. Theouterend,

%, of the tube bas the opening made as large

as convenience wilt allow, and it goes tapering

or conical until at the inner end, ¢, it is as small
as a proper entrance of the flame from the per-
cussion-powder will warrant, By giving the
. conical or funnel-formed opening-to the tube
the effect of the percussion-powder is greatly
increased. . )

E, Figs. 1 and 8, is a Dolt for locking the
receiver when a loaded chamber is brought,
to coincide with the barrel, the rounded end 3
being forced into a hole in the receiver by the
action of a spring on its outer end . This
bolt is drawn back by the hamwmer F in the
act of coeking.

I, Figs. 1 and' 9, 18 a spring-cam, which is
serewed to the bammer at m. It is made of
spring-steel, so that its cam end » may recede
from or approach the bammer F. The cam #
bears against the projection o on the bolt E
on the side which lies against the hammer,

- and as the hammer is drawn back causes the

Lokt to recede. The bolt is notched to enable

it to' be withdrawn without interfering with

the joint-pin ¢ of the hammer. The lateral
springing of the cam-piece I is necessary to ad-
mit of its passing by the projection o of ‘the
. bolt when the hammer is made to strike apon
‘a percussion-cap. To enable the spring-cam
to pass the bolt B, the lower end of it, 2, is
made wedge-shaped, diminishing to a point or
edge at its extremity, and as it is made to
_ spring laterally it is received into a recess in
the hammer as the latter passes the bolt in
making the discharge. y '

Fig. 10 gshows the ratchet-wheel and hand
or pawl by which the receiver is made to re-
volve to the distance from one chamber to an-
other in the aet of cocking, " The eylindrical
periplbery ¢ of the ratchet-wheel fits into a
corresponding cavity on the back end of the
receiver, as shown at g ¢, Fig. 1. r is a pro-

~jection to prevent its turning round, this being-

adapted to a noteh made to receive it. Sisa
" hand or pawl, which falls into the teeth of the
ratchet-wheel, said pawl beiug forced forward
by the, spring 8. The arbor ¢ on which the
hand torns is received.into the opening ¢&. In
the hawmmer, Fig. 1, the hand itself being: on
- the opposite side of said bammer from- that
shown, its position is shown by the doited
lines surrounding its arbor ¢. The cocking of

the gun causes it to act upon thé ratchet-wheel,
and when turned to the proper distance the
bolt E is forced by its spring into the proper
opening in the receiver. The mainspring is
‘connected to the lock-plate at u, and to the

hammer by a stirrup-at- V. The trigger is
shown at w. These parts, not differing in their

' construction and operation from analogous

parts in other gun-locks, need uo particular -
description, and from the description -above
given of the structure and opieration of those

.parts of the rifle or gun which are new, the

action of tbe whole will, it is believed, be
clearly onderstood. i '
Fig. 11 js a sectional view of a pistol, the
general construction of which is the sama
with that of the rifle or gun already described,
such medifications only being made as are
rendered necessary Ly its size and other eon-
sideratious. ¥ is. the hammer carrying the
hand or pawl} S, which operates on the ratchet-
wheel, which wheel and hand are arranged in’
the same way with the same parts in the ritle;
but the hand is as here represented on the re-
verse side, The bolt which holds the receiver .
is, however, differently constructed to enable
it to act in the space which it must occapy.
Fig. 12 is a view of the hammer on the side
the reverse of thatshown in Fig.11; and B,
Fig. 13, isthe bolt adapted thereto. jis the
pin on the bolt, which hLolds the receiver by
talling into openings on its periphery instead
of in its end. The pin j is shown in place in
Fig. 11. The bolt I vibrates on a joint-pin at
&, which is pearly in the same line with the
joint-pin ¥ on the trigger, Figs. 11 and 105,
by which it is hidden in those figures, 2is a
cam formed in a recess in the hammer, Fig.
12, which cam is to act opon the bolt E and.
to disengage it from the receiver. The ends
& a? of this bolt are capable . of receding from’

or approaching toward each other, as they con- -

stitute two spring-cheeks formed Ly splitting
or forkiug the bolts, as shown in the drawings.
The end g2 lies above the caw 2 on the hammer -
when the pistol is not cocked, and the lower

-end of a?, as well as the upper end of z, being

flat, the bolt B is lifted in the act of cocking
oatil the pin j is disengaged, and the ends of
@? and z then pass each otlier. The cam 2 is

.made wedge shape by sloping from its apper

to its lower end, and the end a* of the bolt is
similarly formed, butin the reverse direction,
so that when the piece is discharged the end
a* will be'made to spring in, allowing the ham-
mer to pass readily, when the end o? again
rests upon -2 as before. : 4
Fig. 14 shows the bamnier with the hand 8
and ratchet g, which need no turther deserip-

Fig. 15 showsthe triggerand jtsappendages,
which are formed in & way not presenting any
claim to novelty. « is the attachmeént of the
mainspring to the lock - plate, and v its attach-
ment to the stifrup and bammer.

Fig. 16 shows the apparatas which I employ
for forcing the balls into the chambers. & ¥?
are two of the chambers, shown in section; and
C, the arbor by which the barrel isattached to
the stock and upon which the receiver tarns,
ax already explained. G is alever carrying a
rammer, H, by which the balls are to be furced
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into the chambers. 'Lle forward end of the
lever H passes into the mortise ¢, which re.
ceives the key by which the barrel is attached.
The operation of the rammer H apon the ball
d will be apparent, In. using thiselever tlio
receiver is to be turned upon the arber, and
. the charabers brought in snccession under the
rammer. This lever, at its end ¢/, constitutes
& wrench forscrewing and ungerewing tho per-
cussion-tubes, and also contains a picker at-
tached to a screw-cap, 7. A fuleram for the
lever H may be formed on the barrel or other-

wise, instead of using the mortise ¢4 if preferred..

Figs. 17 and 18 are a top and soctional view
of my itmproved cap-primer, which differs in
soume impoitans particulars from the English
and other cap-primers now in use. I make g
spiral groove, a 4 ¢, in a plate of brass or other

- metal, which groove is ot snch depth and width
-a8 to receivethe percaossion-eaps, and to alioiy
them to move freely therein,
withic said groove. Inthe conterofthe primer,
nnder-the plate ¢ ¢, is a spiral spring, d d, op-
erating like the mainspring of a wateh upon
its barrels and turning the plate e ¢, This
plate has a groove aeross. it which ecarries a
sliding arm, ¢'¢/, having onderits end ¢ g pro-

. jecling piece.which enters the groove, draws

the a1m out, and presses upon therow of caps.

At the mouth of the spiral groove, where the
the cap ¥’ is seen, a stecl spring, 7, checks the
cap and counteracts the pressure of the spiral
spring & d; but when the'cap b/ is placed upon
‘the tube or nipple the spring # will recede’ by
the withdrawal of the cap, and a new one will
be inade to occupy its place, and so on until
the whole are exhiansted. The cover g, which
in Fig. 17 is shown as raised, is held down by
a spriug-cateh at b, There is a. spring-catch
at ¢, which holds the sliding arm e at its end
¢, when itis brouglt round to the inner end
of thespiral groove,its use being to detain the
arm while the groove is being filled with caps,
whent it is to De raised, and the arm lelt at
liberty to operate.

sereéw-driverin & notch made for that purpose,
or simply by forcing the arm e ¢ round until it
is caught by the catch s,

Fig. 19-is a representation of Iny ammuni-
tion-flask, by means of which all the chambers
in my receiver may be simaltaneously charged

with powderand with balls, It consists of cwo
separate chambers, one of which is a powder

“and the other a ballet magazine, @ being the
former and b the latter, the twobeing counect-
ed together by a bayonet-jointate. d d d are
chargiug-tubes adapted in number and posi-
tion to the moutis of the chambers of the re-
ceiver which they are to euter.

Fig. 21 shows the closed top of the powder-

magagine, with a valve or turg cover, ¢, which

closes a hole throngh which the ‘magazine
is to be filled. This magazine occupies the
Space ifrom f to g, Fig. 19, where the powder
i8 contsined in buik., The space from g to 2
is a receptacle which ig divided by partitions

6bbare caps:

The spring @ & may be
wound up by a small key, %, or by inserting a.

~

into separate chambers, the same in number
with the tuhes 4 4, each of which chambers
contains the quantity of powder required for
the charge of a single chamber. ¢ ¢ is the
rim .of this chambered recepitacle, which ig
capable of being turned round te = short dis:
tance by the thumb and finger for the purpose

' of charging the chambers with powder. This

turning round brings openings « w, Fig, 20,1in
the lower end of the chambered box to eoin-

cide with the openingsin the tebesd d, so that

the powder contained in the chambers in % ¢
may pass oot therefrom into the chambers of
the receiver, There are openings also in the
upper plate or top of the Teeeptacle 4 ¢ corre-
sponding with openings in the bottom of the
magazine «, which are elosed by tarning the
rim ¢ 4, 80 88 t0 prevent powier from fatling
through from the magazine while the receiver
ig being filled. ‘ ; ,
Fig.27isasection through the middle of the
chambered receptacle ¢ i, the circles » repre-
resenting the ehambers for containing the now-
der. ssare the openings in the top plate of
these chambers, throngh which the powder is

admitted into them from the thagazinea. The

dotted lines ¢ ¢ show the plan of the openings
in the bottom plate of the chamber a, the cham-
Lered receiver heing shown in the position ia
which those openings are covered.

In Fig. 28 the same parts are represented ;
but the echambered receiver is supposed to be
turned ronud or standing in its ordinary posi-
tion, so that the openings S S and ¢ coineide.
The chambered receptacle is restored to its
place by means of asprivgofanysunitable form.
T'he whole operation of this part will be mors

_clearly made known by the sectional represen-

tation of the magazige for balls, which T am
now about to describe,

The end of the Hask, Fig: 19, is, I have said,
the magazine for balls, Fig. 221is anend view
of this magazine, and Fig. 23 a section along
its axis,
and 24,18 divided into as many tubaiar cham-
bers as there. are chambers in the receiver—
say five. These are open attop and are to be
filled with ballsy as shown at k%in the section
Fig, 23. These tubes are also open at their

lower ends, so that the balls may pass. from -

them into & chambered receptacle, { 7, similar
tothat for he powder. From this chambered
receptacle they are tofall into the chambers
of the receiver when the lower end of the flask,
Fig. 22, is applied thereto for that purpose, the

-openings m m i the lower end of the tlask be-

ing adapted thereto. The rim of.tle cham-
bered receiver 11is to be tarned round to al-
low the balls.to escape through i My as al-
ready deseribed in the charging with powder.
In Fig. 22, n n are the divisions between the

chambersof the chambered receiver, and which

retain one set or tier of balls until the rim is
turned around so as to cause the chambers to
coineide with the openings mm. The balls will
then pass through. The same motion of the

.chambered receiver canses the divisions be-

d>

The portion from f to j, Figs. 19, 23,
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t#een the tubes and the chambered receiver
to pass under and sustain the balls in the mag-
azine. In the case of the powder-magazine
the action is the same; bLut the powder being
in fine particles, the apertures at one end of the

receptacles must be perfectly closed before:

those at the other begin to be opencd, which is
not necessary with the balls. . In Fig. 24 a por-
tion of the exterior of the magaziue is removed
to showhow a spring, 0 0, may be placed within
it soastoactuponll; butspiralorothersprings
may be placed in many ways to answer the
same purpose. The central part of both the
magazines is tubalar, as- shown at p p, said
tube fitting onto the arbor ¢, Iig. 16, when
the barrel is removed therefrom, and the re-
ceiver left on- for the purpose of being eharged,
which operation does not require to be further

explained. Upon the barrel of this tnbular-

part the chambered receptacles are received
and revolve. : :
Kigs. 25 and 26 tepresent a top view and a

side view of a part of animproved bullet-mold, |-

which 1 describe without intending to make
any claim thereto, but merely for the purpose
of showing the whole of the apparatus em-
ployed in a complete and connected series.
a @ are the two handles of the mold, and b the
handle of the knife by ‘wlich the sprue is cut
off. ¢ is one-half of the mold, of which d dis
the hinge-joint. e is a plate of steel, through
which there is a hole, f, for pouring in the lead,
the lower edges of which constitute a knifo by
which the sprieis eatoff and the ball left per-
fect, This kuife turns on the joint-pin g.
Having thus fully described the manner in
which I construct.and usc my improved fire-
arms, and the respective articles of apparatus
appertaining thereto, it has been necessary in
so doing tomention many parts which I donot

claim as new, the same being similar to what |

has Leen before used and patented by me, or
which are common property. I do hereby de-
clare, therefore, that I limit my claim to the
following particualars. :
I'elaim— :

1. The making of a groove or chanuel on
the arbor, as represented at b, Fig. 2, for the
purpose of conducting off the smoke from the
Iateral discharge, and thus preserving the ar-
bor clean within the receiver, and the tube by
which the barrel is eonnected.
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9, The particular manner of forming' and
governing the key by which ihe barvel is at-
tached to the stock by making the same with
grooves in ‘which the heads of averlapping
screw-headearereceived,and withatempering-
serew to check and regulate its action aga
wedge, as set forth.

3. The makingthe aperture through thetubes
or nipples (which receive the percussion-caps)
conieal or fuunel - shaped, for {he purpose of

freely admitting the fire from the percussion-
gap and concentrating it agitenters the cham-
¢T. ‘

4. The manper.of arranging the bolt E of
the rifle and its spring cam I # for locking and
aulocking the receiver, the same being con-
strancted and operating as herein described.

5. The manner of constracting and arrang- -
ing the bolt E aud its spring-cam, operated
upon by the eam or projecting piece z under
that modification thereof adopted in the pis--
tol, and herein fully made known.

6. The improved manner of arranging the
ratchet-wheel and band, as set forth, by which
the binge-joint to allow of the lateral motion
of thjs band, as described by me in my former
patent, is dispensed with in eonsequence of
the placing of the ratchet-teeth on the facein-
stead of on the side of the wheel, and operat-
ing the same in the manner described, as ap--
plied to the rifie and to the pistol.

7. The combination of thelever with its ram-
wer for foreing the balls into the chambers of
the receiver, as deseribed. ' ' :

8. In the improved cap-primer, the making .
thereofwith a spiral groove toreceive the caps,
and with the sliding arm acted upon by the
spiral spring elongating itself and forcing the
percussion - caps forward in the manner seb -
forth,. _ : -

9. The manner of constructing and arrang- -
ing the respective parts of the magazines for
powder and balls, in the flask, by weans of
which the powder and the balls are 1n turn .
supplied to all the chambers in the receiver at -
the same time, the whole being made with the
chambered receptacles and other parts, as

. set forth, P e .

_ : SAML. COLT.
" Witnesses: : : :

" THOX. B, JONES,

GEORGE WEST.



" . Disclaimer forming part of Letters Patent No, 1,204, dated Angust 29, 1839,

To the Honorable Commissioner of Patents: “Iclaim making the aperture throu gh the
The petition of SAMUEL CoLt, of Hartford, | tabes or nipples (which receive the percossion-
in the State of Connecticut, regpectfully repre- ¢aps) conical or funnel shaped, for the purpose
sents that he is the sole patentee-and owner of offreely admitting the fire from the percussion-
Letters Patent granted to him on the 28th day | ecap and concentrating it as it enters the cham- -
of Aungust, 1839, for an improvement in fire- ber,” which disclaimer is to operate to the ex.
arms and in the apparatus used therewith ; | tentoftheinterestin said Letters Patent vestod
that be has reason to believe that through ia- | in your petitioner, the same being the whole
advertence and mistake the claim made in the | right, title, and interest thereby granted to
‘Specification ofsaid Letters Patent is too broad, | him, as aforesaid, he having paid ten dollars
- includingthatofwhich thesaid patenteewasnot | into the Treasury of the United States agree-
. the first inventor, although he avers that he ably to the provisions of the act of Congress in
was an original inventor thereof, and had no | that case made and provided. & '
knowledge when he applied for Latters Patent | Dated at Hartford this 5th day of August,
therefor that any other berson had ever used | A. 1), 1853, . =
the said improvement before that time, ; _ SAM. COLT.

Your petitioner therefore kereby enters his
disclaimer to that part of the claim in the'be- | In presence of—
fore-mentioued specification which isin the fol- [ L. P. SARGEANT.
lowing words, viz: ; : :
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UNITED STATES

PaTENT OFFICE.

JOSEPH 11. DOW AND HERBERT H. DOW, BOTI OF CLEVELAND, OTT10; SATD
HERBERT IL DOW ASSIGNOR T0 WILLIAM CHISHOTM, OF SAME PLACKE.

ROTARY STEAM-ENGINE.

- «

SPECIFICATION forming part of Letters Patent No. 403,335, dated May 14, 1889.
Application filed August 25, 1888, Seriel No, 283,751, (No model.)

To all whony it My Coneern:

Be it known that we, Joseer IL Dow and
IIRRBERT IT. DOw, of Cleveland, in tho county
of Cuyahoga and State of Ohlo, have invented

5 certain new and useful Improvements in Ro-
tary Steam-KEngines; and we do hereby declare
the following to be & full, clear,and exact de-
seription of the invention,such as will enable
others skilled in the art to which it pertains to

1o make and use the same.

Our invention relates to improvements in
the rotary engine shown and deseribed in Let-
ters Palent No. 302,545, granted Novewnber [,
1888; and it consists in certain features of

15 construction and in combination of parts
hereinalter deseribed, and pointed outin the
claims, '

In the accompanying drawings, Figure 1 is
an clevation in longitudinal seetion throngh
the center of the engine. ¥ig. 2 is an end cle-
vation, partly in section, the cylinder-head of
the foreground being removed and portions
heing broken away to show the construchion.

A represents the body or shell of the en-
gine, to which arc detachably secured heads
B, the latter having suitable boxes, in which
is journaled the engine-shaft D.  Theshell A
is provided with internal flanges, o, these
flanges being “faced off 7 and serow-threaded

the latter being serew-threaded ai € for en-
gaging the aforesaid Aanges. The two flanges
and the backs of these disks are separated to
form steam-chamber A’, the latter connecling
with induetion-pipes ¢, The shell A termi-
nates in a supporting-base, A% to which ex-
liaunst-pipe o s attached, the latter conneet-
ing with cxhaust-chamber A% The disks C,
on the outer faces thercof, are provided, rc-
speetively, with series of ecurved wings or
chutes ¢, each series being arranged in ‘con-
centric order with the axis of the shatt I
The different wings ¢ of a serics ave separated
the one from the other to form porls ¢, the
latter being preferably arvanged in the curved
order shown in IMig. 2. (See dotted linc x x
with center a/.)

B are rotating disks or wheels, 1hic same be-
ing mounted on and secured to shaft ). These
digks have long hubs B/, projecting toward

22
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at the internal periphery to reeeive disks C,

each other and nearly meeling on the shaft,
leaving rocn only for the intermediate disk,
d, the Iatter also being made fast to the shaft.
The faces of wheels E ave provided with se-
vies of curved bnckets e, that altcrnate with

‘ wings ¢, a series of huckels operating between

series of wings, and viee versa, the vents ¢’
being laid out on curved lines the reverse of
line # @, andl these vents ¢ being less in ag-
gregale arca of discharge than the aforesaid

ports ¢/, the object being to utilize the react-

(¥

ive force of steam rather thau the impaet of -

steam, and by means of the ports and vents
being arranged on curved lines, defleeting in
opposite directions, as shown, the openings of
the different series of huckets and wings can
be made to cross each other at substantially
equal angles throughout the secries and at
snch angles as will give the greatest effective-
ness, such angles at present advised being ap-
proximately right angles. This class of en-
gines is intended to run at a very high speed,
and to avoid friction the disk C and wings ¢
do not come in contact with the opposing
wheels E and buekets ¢, although the clear-
anee at the ends of the wings and buekets is
very small—say a two-lnndredth pari of an

inel, more or less.

Heretofore the great difficulty has been to
hold 1he shaft D endwise. The high speed
attained wassneh that ordinary collars cansed
too mueh friction, and were consequently
worthless for such purpose.

Ourimproved mechanism is as follows: The
aforesaid disk ¢ overlaps in radial direetion
the inner periphery of the disks €. The lat-
Ler are screw-threaded at ¢® to cngage rings
or collars 3, the latter being serew-threaded
externally. These rings arve provided with
lock-nuts 7. The rings are adjusted foward
or from disk  to leave suitable and squal
passage ways or ports, ¢ and ¢, for the passage
of steam from chamber A’ to chamber I
from which latter the steam passes between
the digks C and opposing wheels E vit ports
¢ and vents ¢ to the exhaust-chamber. Rings
G having been adjusted and secured by ihe
respective lock-nuts, so long as there is no
distnrbing canse spaces 7 and ¢ will remain
equal and an equal volume of steawn will issue
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to the two sides of the engine; but suppose
from any cause the shaft were moved toward,
for instance, what is the right-hand side, as
shown in Fig. 1, such a movement wonld par-
tially eclose ’rhe passage-way or port ¥, and

would consequently shut off a portion of the

steant to the right-haud side of the cngine,
and would at tlic same time farther separate
disle C apd wheel K at thisside of the engine.
Thereduetion of steam-volnme and the w1<1en-
ing of steam-gpace between the disk and
wheel would tend to diminish the endswise
pressure on the shaft, while on the other xide
of the eugine the reverse \\ould take place—
that is To say, stewm-space +" would enlarge,
thereby giving greater volume of steam on
this the left-hand side of i the engine, and
the disk and wheel on the left-hand side of
the engine would approach each other, thare-
by (1(‘(‘1‘("1“-])1“‘ the steam-space between the
hwo, aid consequently giving greater steam-
])mssure to act iu 1he oppoblte dlreei.mn end-
wise of the shaft, all of which wonld tend to
retorn the shaft to its eentral or normal po-
sition lengthwise of the engine. The appa-
ratus wherchy a steam-balance i8 thus had is
very sensitive, by reason of which the buckets
Tiay run in close proximity to their seats
without absolute contact, thus avoiding all

> friction exeept ot the journal-bearings of the

cengine-shatt. In place of a _mnle disk, d,
rigidly seeured to the ghaft, two sueh diskr‘_«
might be caployed, and these might he ad-
Justed lengthwise of the shalt instead of the
adjusting-rings 3; also, the curved lines on
which the vents and ports are laid out need
not necessarily he on true cireles.

What we elaim is—

1. In o rotary steawm-engine, the combina-
Lion, with stationary digks with steam-cham-
Ler located botween the disks and opposing
rotating wheels located outside the digks, the
wheelsheingmonnted on theengine-shaft, sub-
stantinly as indicated, of an engine-shaft, and
a disk mounted on {he engine-shaft hetween
the line of the stationary (11‘-1(‘“3 sald rolating

disk extendiny into and div 1dmgr the cductlon
off the said steam-chanmber, substantially as
sef Forth.

2. In o rotary engline, the combination of
shatt carrying with 11 two wheels and a disk
betwecu them, these wheelg being opposed in-

403,335

wardly by stationary disis, the central or re-
volving disks heing opposed on opposite sides
by rings econnceted with the stationary disks,
lefumo annular spaces hetween the central
disk dnd rings that act as steam-por t‘ . Sub-
stantially as set forth,

3. The combination,wilh a rotary engine of
the variety indieated, hiavin g shationary disks
and movable disk, the latter heing mounted
on the engine-shaft and extending into the
steam-space between the stationary disks, of
rings mounted on guch stationary disks and
adjustable toward and from the rotating aisk,
substantially as set Corth.

4, The (iOn‘lbl]hltIOlI with stationary dislks
and intervening mmtmfr‘ disk, the laiter be-
ing mounted on the engine-gh Al t,snbstantially
as indicated, of serew-threaded rings engaging
the stationary disks, sueh rings lmmn' ad ;uxt-
able toward aud ‘rom the rotating (llsk, and
lock-nuts mounted on the ve spcoi.lvc. rings,
subgtantially as set forth.

5. In a rotary engine, the combination of
stationary disks and rotating wheels, the
former bearing wings separated so as to form
intervening portsand the latter bearing buek-
ets separated so as to form intervening vonts,
the system of ports and vents being arranged
in curved lines deflecting in apposite direc-
tions, the aggregate area of ilie vents being
Iess than the aggregate arca of the ports, sub-
st.mtm]iy as sct forth.

In a rotary engine, the combination, with
smtlon(u;\ disks prov fded with acury ‘ed series
of ports, and revolving wheels provided with
a curved series ol venis, the latter being ar-
ranged in curved lines deflecting in opposile
directions to tliose of the ports. said revolving
wheels being provided with inwardly-project-
ing limbg, of a revolving disk located on the
shafl between the adjacent endsof said Iimbs
and extending iuto and dividing the wtva,m-
outlet of 1he steam-chamhber, ﬂ,ubxmnh lly as
set: forth,

In {estimony \1]10100J wa sign this specifica-

tion, in the presenceof twow Jtuosses this 15th

day t.‘nf May, 1888,
JOSEPIL 1L DO,
HTERBERT 11, DOWW,
Witnesses:
Curas. 1. Dokrenr,
ALBERT E. LyNCH.
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UNITED STATES

PATENT OFFICE.

RUDOLF DIESEL, OF BERLIN,
MENTS, T0
YORK.,

GERMANY, ASSIGNOR, BY MESNE ASSIGN-
THE DIESEL MOTOR COMPANY.OF AMERICA, OF NEW

INTERNAL-COMBUSTION ENGINE.

SPECIFICATION forming part of Letters Patent No. 608,845, dated August.9, 18908,

Application fled July 15,1895, Sexial No, 556,050,

{Nomodel) Patented in-Spain BDecomber 3, 1894, o,
December 10, 1894, No, 243,581 ; in Belgium December 10, 1894, No,118,139;

16,654 ia France
in Luzemburg December 10, 1894, No.

2,182; in Italy February 21,1895, LXXV, 139 i in England Pebruary 27, 1895, Ro. 4,243 ; in Switzerland March 6, 1895,

Nog. 10,134 &nd 10,135;
March 20, 1897, No. 7,876 ; in Austria January 18,
FPebruary 12, 1896, No. 393, - .

To all whom it may concern: :
Be it known that I, RUDOLF DIESEL, a sub-
jeetof the King of Bavaria, and a resident of
Berlin, inthe Kingdom of Prussia, Germany,
have invented cerfain new and useful Im-
provementsin Internal-Combustion Engines,
(for which T have obtained Letters Patent in
Germany, No. 86,633, dated March 30, 1895;
in France, No. 243,531, dated December 10,
1894, and patent of addition to the same,
dated March1, 1895; in Belgium, No. 113,139,

-dated December 10, 1894, and Patent of Ad-
dition No. 114,346, dated February 18, 1895;
27, .

in. England, No.. 4,243, dated Febrnary
1895; in Switzerland, Nos. 10,134 and 10,135,
dated March 5, 1893; in Luxemburg, No.
2,192, dated December 10, 1894, and Patent
of Addition No. 2,265, dated Mareh 22, 1895;
in Denmark, No. 393, dated February 12,
1396; in Austria, No. 46 /203, dated January
18, 1896, and No. 46,/2,038, dated May 29,
1896; in Hongary, No. 4,539, dated Novem-
ter 23, 1895, and No. 7,876, dated March 20,
1897; in Italy, LXXYV, 132, dated February
21,1895, and in Spain, No. 16,654, dated De-
comber 3, 1894, and Patent of Addition No.
17,085, dated March 4, 1895,} of which the fol-
lowing is a specification. - o

My invention has reference ‘to improve-
ments in apparatas for regulating the fuel-

supply’in slow-combustion motors, and in-

particular to internal - combustion engines
adaptedTor carrying ontthe process described
in my prior patent, No. 542,546, dated July 16,
1895, which process congists in first compress-
ing air or & mixture of airand neutral gas or
vapor to a degree producing a temperature
above the igniting-point of the fuel to be con-
sumed, then gradually introducing the fuel
for combustion into the compressed air while
cxpanding against resisfance sufficiently to
preveni an essential increase of temperature
and pressure, then discontinuing the supply
of fuel and further expanding without trans-
for of heat. W '

. In ordinary combustion-engines the regu-

.in Germany . March 30, 1895, Ro. 86,698; in Hungary November 23, 1895, No, 4,539, and . -
1898, No. 48,208, and May 22, 18986, Na, 482,088, and in Donmark

lation of work done was performed either . -

while the gas was at a constant pressure or,
as in ‘explosive engines, with the gas at con-
stant volume, : Lo
The nature of my invention will best be un-
derstood when described in connection with
‘the aceompanying drawings, in which—
- Figures 1 and 2 are diagrams illustrating
the eycle of operation. Fig. 8 is a vertical
section of an engine, illustratin g one form of
fuel-teed, part being broken away. - Figs. 4
and 5 are similar views illustrating modified

forms for the feed. Fig. 6'is a sectional ele-

_vation illustrating another modified form for
the same. Fig. 7 shows sectional views of
detail .parts. Figs. 8, 9, and 10 illustrate in

-séctional elevation the arrangement of the

tmechanism for operating the valve. Figs.11,.

.12, and 13 are sectional elevationsill ustrating

different devices for -mixing the air and fuel.
Similar letters and figures'of reference des-.

ignate corresponding parts throughout the
several views of the drawings. = .~ = -
Referring now to Fig. 1 of the drawings,
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which illustrates a theoretical indicator-dia-

gram of the engine, the curve 2 3 corresponds
to the period of admission and consumption .

of fuel, the fuel being injected under a pres-
sure greater than the pressure 0 2 at the point
of highest compréssion.

By varying the excess of pressure under

75

which fuel is injected and in the meantime -

-the length or duration of admission of fuel

the combustion-curve 2 3, Fig. 1, is changed

&o

both in its form or position, as in its length 2

3',2'8%, &e., thus producing diagrams, such
as12340rl1234, & Inallthe diagrams

shown in Fig. 1 the fuel is admitted at the -

point 2 of highest compression. In Fig. 2 the
beginning of admission is variable, as will be
hereinafter explained.

85

Referring now to Fig. 3 fora description of

an: apparatus for earrying ouf thé regulation

of the supply of fuel, the lettor C designates

99,
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a eylinder provided with a piston P and with
an air-valve V. . D is a nozzle for regulating
the supply of fuel, by means of which the pe-
riods of admission and cut-off, and conse-
quently the length of the curve 2 8 or 2 3,
&e., are determined with the use of a needle-

valve n, actuated by any well-known mech- |
anism. Pulvefulent solid fuel is contained .

in a hopper T; provided with a rotary dis-
tributing-valve ». - L is a reservoir which 1is
supplied with stippressed gas through a pipe
m. The gas:may be air, a combustible gas,

" or a: mixture of combustible gas-and air.
“ The air or gas or the mixture of the same is

'3

‘20

held under a pressure (by meéans of a pump
or other well-known.means) in excess of the
highest pressurc in the cylinder C. 8aid res-
ervoir L is connected with the eylinder C by
a-pipe S and with the hopper T by a suitable
b _rancsh pipe in coéwmunication with the
pipe 8. . : -

When the valve n islifted to open tho noz-

zle D, the excess of pressure in the reservoir

- L causes the gas to flow through the pipe S

23

and the nozzle D into the eylinder C, carrying
with it the pulveralent fuel discharged by
the turning-of the valve 7,

-an intimate mixture of gas and fuel is ob-

30

tained and injected into the cylinder and
rapid and complete combustion is insured.
If the pressure in the reservoir I. were fixed

. and-constant, the same combustion-eurve 2 3

. 40

43

would always result for a predetermined and
fixed admission and cut-off and a predster-
mined or fixed highest compression in.the
eylinder C; but if under these conditions of
admission and cut-off the curve of combus-

-tion is to be altered or varied then the pres-

sure -in the reservoir L must be changed.
This change is effected by means of the pres-
sure-regulating valve R, Fig. 3, thoe weight B
of which ean be shifted by means of the'red

'Q, suitably connected with the governor’of

theengine. (Notshown.) Bytheeodperation
of the needle-valve n, which regulates fuel
admission and cut-off and the adjustable ex-
cess of gas-pressure, the form of the working

- diagram is determined. In other words, both

55

valve fo

. . variations conjointly produce the variable
5o

form of the combustion - eurve, distinetly
marking the new method of regulating. Both
can be effected by the governor, or one by the
governor and the other by hand, according
to the 'deiree of sepsitivenessrequired. The
1
ervoir L niay of course be of any other con-
struetion which will answer the purpose and

- may in the usual manner regulate the supply

‘6o

-through the pipe m. The pressure regula-

tion can also be applied, as desired, to the
pump feeding the tubem. - This latter method
would be adopted should. fluid fuel be exclu-
sively used, in which c¢ase the reservoir L

. wonld actag the pressire vessel of the pump.

65

The fuel-supply apparatus might be placed
direetly on the reservoir L, as the motion of
the gas therein would keep fhe dust in sus-

combustion.

In this mauner.

34T P4 Ke. _
_effécted by opening the fuel-valve » not when
‘the piston is at the commeneement of 'ifs re-

‘cage compression takesy lace fr¢
-2, as-before;. but the compress

regulating the pressure in the res- |

608,845

‘pension. - The hopper T might also contain

floid fuel. © -
The mixture of fuel and gas may take place

70

in the interior of the eylinder or & prolonga-

‘tion thereof, agshown in Fig. 4. ;In thiscase

the reservoir Lt contains pure compressed air,
and in addition to the mnozzle D for pulver-
ulent fuel T provide a nozzle d for liquid or

75.

gaseous fuel for the purpose of intensifying

In this instance the nozzle d is
arranged coneentric with the nozzle D, the
liguid or gaseous fuel being supplied to said

‘nozzle ¢ through thelateral pipe S', while the

air for combustion and the solid fuel are sup-

8o

plied to the nozzle D through the pipe 3, lead-

ing from the reservoir. -

The nozzles D and d, instead of being ar-
ranged concentri¢ally, may be arranged side
by side, ag shown in Fig. 5, and caused to
discharge into a common combustion-cham-
ber J, forming a prolongation of the cylinder
and scparated from the bore proper of the
same by a perforated partition ¢. The regu-
lation may be rendered still more sensitive
Dy changing the fixed point 2 of the Aiagram,
for instance, to 2’ or 2% Fig. 2, thus varying
at the same fime the height of the ordinate

02,0 2, 0?22 &e., and the length 01,01,

0*1, &e., as well as the expansion-curve 3 4,
This regulation is easily

turn stroke, but somewhat later, in which

1to 2, Fig.
gas first ex-
pands on the return stroke from 2 to 2’ or

‘2. 9% &e., before the commencement of the

period of combustion 2' 3, 2? 3%, &e. ‘

- Of course in practice the lines of the dia-
gram are nof so regular as shown, but abouf
ag indicated in dotted lines between 2" and 3,

"Fig. 2. It is also evident that the lead may

be given to the fuel-valve n on the compres-
sion stroke, whereby the upper end of the
compression-line 2’ 2 is made steeper and the

- combustion-curve changed to 2° 8% taking,

ynder eircumstances, even a form like23m 3%

“This lead of the valve may be effected by

changing the position of the cam actuating
said valve, so that the fuel will be introduced
somewhat in advance of the end of 'the com-
pression stroke of the piston and the valve
kept open daring part of the working stroke
of the piston. :

It is of particnlar importance that the fuel

35

[e]e]

95

109

T0§

I1O

II1§

120

enfering at the mouth should be thoroughly

‘eonsumed and withont the formation of soot.

For this purpose all of the above-described
devices for the admission of fuel may be pro-

vided within the cylinder with an additional
‘burner similar in construction to those used

for the same purpose for gas-burners—that
is to say, the jet is not permitted to enter in
solid eylindrieal form, but is subdivided into
thin sheets or jets. The construction may

- be'similar to the Bunsen burner, which, as

well known, gives a smokeless ron-luminous

128
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frame. Such burners,located within thecom-
pression-space, are shown in Figs. 6, 7, 11, 12,
and 13.

Fig. 6shows a burner which subdivides the
flame into a large number of very small
tongue-shaped slow-burning jets. M’and M?

. show othoer forms of the same. The principle

IO

R §

20

25

Xel

ing the fuel laterally. Thed
left force the air on its way*from the cham-'

of the Bunsen burner is embodied in M*and
M5, the jet leaving the lower end whileburn-
ing slowly and without diseoloration. A
similar effect is produced by the use of the
twyer M- z
-+ The nniformity of diffusion of the heat
throughout the whole mass of air in the com-
pression-space is further inereased by the pe-
culiar avrangement of the burners—as, for in-
stanee, in Fig. 11, where owing to the length-

eningof the twyer-pipe the burneris attached

at I, so that while the piston is receding
from I to II the greater part of the air is com-
pelled to pass across the burner E. A sec-
ond burner O may be provided.

Fig. 12 shows an arrangénient for introduc-
Thetibs R R on the

ber to the eylinder and while expanding over
itho burners. The ribs R’ R’ to the right may

be attached to the piston, so that the motion

of the latter causes considerable agitation of
the air. Finally, as shown in Fig. 13, the
burner itself may be made movable for the
purpose of obtaining more porfect distribu-
tion of heat. In this case thé burner may be

" attached to the piston and the fuel supplied

35
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through a hollow piston-rod.

Figs. G, 8, 8, and 10 show anotheér way of
carrying out the above-deseribed method of
regulation, the use of a speecial air-pump be-
ing dispensed with. Inthisinstance the pis-
ton itself compresses the air necessary, not,
however, in the usual way—by the momen-
tum of the fly-wheel after cessation of com:
bustion—Dbut during the normal process of
working without interrupting combustion

and as an integral part of the working proe-

ess itself. . ;

In Tigs. 6 and 8 the letter Y designates a
valve through which during the regular work-
ing asmall quantity of compressed air escapes
at the end of cach compressing stroke of the

‘piston and passes by the tube 0, Fig. 6, into

the reservoirL., The air-pressure in the res-
crvoir, therefore, equals the highest com-
pression-pressurein the eylinder; butaccord-
ing to theprevious deseription of the process
an excess of pressure ig required for the in-
jection of the fuel. To obtain thisresult, the
fuel-nozzle is not opened until the piston has
slightly receded from the dead-point—thatis
to say, until tiue pressure in the eylinder has
become somewhat lessened. Astheopening
of the nozzle by the governor cecurs sooner
or later, so the excess of pressure in the res-
ervoir I, varies. The injection of the fucl

“takes place, as previously described, S, Fig. 6, .

being the connecting-tube between the reser-
voir I, and the nozzle, as in Fig. 3. The valve

A,

' the motor.

Y can also be arranged to be opened at the .

end of the stroke by thé piston itself, or it
might be a self-acting relief-valve, or for it
might be substituted a cock or slide-valve.
Figs. 9 and 10 show the details of the gear
for positively operating the vdlve Y. Wisa
cam-shaft provided with a number of cams I
to V. CamIIworksvalveY in normal work-
ing. CamIIl works the fuel-valve for nozzlo
D, and cam IV operates the main valve V of
This gear serves also in reverse
order to start the motor, compressed air pass-

ing through valve Y from the reservoir Linto.

the cylinder to drive the piston and then es-
capes through the valve V. During this very
short starting period thelever I, Fig. 5, takes
the dotted position IT', so that the valve Yis
moved by cam I instead of eam II, the valve
V by cam IV instead of cam V, while the fuel-

.ecam TIT is disengaged. Aftor a few revolu-

tions made in this manner the motor obtains
itsnormalspeed. Atthis moment the detent
73, which retains the lever H in position, is re-

-moved. Theleverisautomatically pushed by

(TR
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spring I to the normal working position II, .

carrying witl it the system-of cams to con-
{inue the normal working without-interrup-
tion. As the moving of the eams has to oc-
cur at the exact moment, it can only take

place when a specially-arranged noteh in the

hub of the cams receives the detent p. -

The valve Y (shown in Fig. 7) serves threo

purposes: first, to start the motor with eom-
prossed air; secondly, to fill the.reservoeir 1L
during nermal working, and, thirdly, to op-
erate as a safety-valve, it being loaded by a

spring £, so that on cxplosion in the cylinder

the gases can pass to the reservoir L and
thence through the safety-valve R.

“To determine the maximum pressurcin the
cylinder, and consequently that in the reser-

voir L, a hand-wheel I1*is applied, by mmeans

of which the spring { can be compressed more
or less oither while the engine is stopped or
in motion. :

It is evident that by ad justing the position
of the cam II on the shaft W the time of
opening of the fuel-supply valve can be va-
ried—that is to say, Uy turning the cam either
to the right or the left on the cam-shatt the
time of admission will be made earlicr orIater.
It is alsoevident tlial by interchanging cams

a different titming of admission can be ob-

tained.

What I claim as new is— : _

1. In an internal-combustion engine, the
combination of a e¢ylinder and piston con-
structed and arranged to compress airtoa de-
gree producing a temperature above the ig-
nitinz-point of the fuel, a supply for com-
pressed air or gas; a fuel-supply; adistribut-

{ ing-valve for fuel, a passage from the air-sup-

ply to the eylinder in communication with

the fuel-distributing valve, an inlet to the .

eylinder in communication with the air-sap-
ply and with the fuel-valve, and a cut-off, sub-
stanlially as described.
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. let-valve to the cylinder in communication
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- combination of a supply for compressed air,
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.combination of a cylinder and piston con-

tially as specified.

4 N _ 608,845

2, In an internal-combustion engine, the
combination of a eylinder and piston con-
structed and arranged to compress airto a de-
gree producing a temperature above the ig-
niting-point of the fuel; a distribating-valve
for fuel; a cut-off for varying the time and
duration of the supply of fuel, and a burner
placed in the eombustion - space and con-
structed for slow and perfect combustion.of
the gradnally-introduced stream of fuel, sub-
stantially as shown and deseribed. P

3. In an internal-combustion engine; the

structed and arranged to compress air to a de-
gree producing a temperature above the ig-
niting-point of the fuel, a supply for com-
pressed air or gas, a hopper, a distributing-
valve for pulverulent fuel, a passage from
the air-supply to the cylinder in communica-
tion with the fuel-distribating valve, an in-

with the air-supply and with the valve for
pulverulenf, foel, and a cut-off for the fuel-
supply, substantially as shown and described.
4. In an internal slow-combustion engine,
the combination of 2 cylinder and piston con-
strueted and arranged to compress air to a de-
gree producing a temperature above the ig-
niting-point of the fuel, a supply for com-
pressed air, a hopper and distributing-valve .

for pulverulent fuel, a supply-pipe for liguid-|
fuel; a valve or valves leading to the cylin-

der and communicating with the pulverulent-
Tuel-distributing valve and the liquid-fuel-
supply pipe, and a cut-off for the fuel-supply,
substantially as specified. . ; .
5. In an internal-combustion engino, th

a feed for pulvernlent fuel placed in commu-
nication with tho air-supply and with the cyl-
inder, and an auxiliary feed for liquid fuel
communicating with the eylinder, substan-

6. In an internal-combustion engine, the
combination of a cylinder and piston, a sup-

ply for compressed air, a distributing-valve

communicating with the air-supply. and vwith

.a fuel-supply for gradnally introducing a uni-

tary, or mixed fuel, into the combustion-
space, a valve placed between the air-supply
and the eylinder, and a reversing-gear in co-

“operation with said valve for starting the mo-

go

torwith the compressed air from the air-sup- - .

ply, substantially as described.
*7. In an internal-combustion engine, the

combination with a eylinder and a piston con-

structed to compress air to a degree produe-
ing a temperature above the igniting-point
of the fuel, of a fuel-feed, and a valve meeh-
anism adapted to open the fuel-feed some-
what in advance of the end of the compres-
sion stroke of the piston and to keep it open

during part.of the working stroke, substan-

tially as and for the purpose specified.

8. In an interpal-combustion cngine, the
combination of a ¢ylinder and piston con-
structed to compress air or a mixture of air
and nentral gasy,a storage-reservoir in com-
munication with the combustion-space of the

.cylinder, a valveeontrolling this communiea-

tion and opening to admit compressed air
from the eylinder to the reservoir, and a fuel-
feed in communication with said reservoir
for the introduction of fuel to the combustion-
space under the pressure of the compressed
air or gas in the reservoir, substantially as de-
scribed..

9. In an internal-combustion engine, the
combination of a cylinder and piston con-
strocted and arranged to eompress air to a de-

‘gree producing a temperature above the ig-

niting-point of the fuel, a distributing-valve
for fuel, and a cut-off for varying the tine

‘and duration of the supply of fuel by said

valve, substantially as described.

In testimony that I claim the forcgoing as
my invention I have signed my name in pres-
oence of twoe witnesses.

’ RUDOLI" DIESEL,

Witnesses:

Wu. HaveT,
CHR. KRUGER.
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ALFRED NOBEL, OF HAMBURG, GER".{ANY ASSIGNOR TO JULIUS BAND-
MANN OF SAN TFRANCISCO, CALIF‘ORNIA

Lctters Patent No. 18, 817 dated May 26, 1868.

IMPRO’V‘ED EXPLOSIVE OOMPOUND.

e Schednle roferrsd o in these Heltors Datent nud maliing part of 1he swwe.
‘ ' — .
TO ALL WHOM IT MAY CONCERN: L

Be it known that I, Ar¥rep Noner, of the eity,of Hambulg, Germany. have mvcutod a new and useful
Composition of Matter, to wit, an Explo<we Powder"

The nature of the invention consists'in Torming out of two ingrodients long known, viz, the a'cploswe sub-
stanes nitro-glyeerine, and en inexplosive porous substance, l:cren“ter specified, a composition. which, without
losing the great explesive power of nitro-glycerine, is very mnch alterod as to its explosive and other pmper-
tiza, being far more safe and converient for tmnsportstlon storage, and uso, then nitro-glycerine,

In ge-xe-a! terms, my invention consists in mixing with nitro-glyeerine o substanee which posscsses a very
grent chsorhent capacity, and which, at the same t1me, ia free from any quality which will decompoze, destroy,
or injitre the nitro-glycerine, or its explosivencss.

It is nndonbledly true, as & general rule, that*nitro- glycerme, whien. mixed with anothcr substance, pose
Besses leas coneentration of power than when used alone; but while the szfety of the miner (to prevent leakage
into seams in the rock) prohibits the wse of nitro-glycerine without cartridges, which latter must of course be
somewhat less in diamecter than the bore-heles whiek nro te contsin them, the powder herein deseribed can be

wado to form = semi-pesty mass, whieh yields to the slightest pressure, and thus can be made to £11 up tha bore-"

hole entirely. Practically, therefore, Hie miner will have a3 much nitro- glycermc in the same hc:ght of bore~

hole with this powder as with nitro-glycerine in its pure state.
This je tho real character and purpesa of my invention; and i in ordor to enah]e others skilied in the-art to

which it apperiaing {or with whick it is mosi necarly uonnected) to moke, compound, and ‘ase the samey I will

proceed io describe the-same, and also tho wanner and process of making, componndmg, and using ik, in full,
clear, and cxact tecms,
Mhe subatanes which wost fully meets the requivémente nbove mentipned, s6 far 1 T know or have been

able to escertain from numerous oy periments, ia o certein kind of ilicious earth or silicic acid, found in various
paris of the glebe, and known ander the several nzmes of silicicus merl, tripoli, rotten-stone, &c. Tho par

ticular variety of thls material which is best for my compound 8 homoaenenus, hag & Jow specific grnwty, groot

ahsorbent cnp:r.city, and iz generally cowposed of the remains of fnfusoria.

. 8o great is the absorbent capacity of this earth, thet it will take up shout thres times its own weight of
mitid-glycerine and still retein its powder-form, thus lesving the nitro-glycerine so compnct and coucentrated
a8 to hove vory nearly its original explosive power; wherens, -if another eubstance, having a loss absorbent
copacity, is used, n correspondingly less prapostion of nitro-g g‘iycar‘no wiil be absorbed, and the powder be cor.

vaspondingly weak or wholly inexplosive.
For excmpie, most chalk will take but about fiftcon.per cent. of mtwmlycerine and vetain its po“der-fmm.
Fiyenty per cent. will reduce it to & paste.

Zorous charconl has slse a considerable absorbent cupacity, but it has the defect of being itsell o eombusa

tible muierial, 2nd also of leso elagticity of its particies, which readers it casy to nqucczo out o part of its
nitro.glyeerine.

The two materiels sre combined in the following manner: -

The esrth, thoreughly dried and pulverized, is placed in a wooden vessel, T it is introduced the nitre-
ghycering in & shsndy etream go small-that the twe jngredients can be kept thoroughty mixod.

The mizing may e effected by the naked hand or by any proper wooden instrument used in tho haad, or
by wooden machmm‘y

Sueficient of nitro-glycorine should be nsed to roader the compound exp10sive, but not so wuch as to change
1to form of powder to o liquid or pasty consistency.

Practically, about aixty parts, by weight, of nitro-glyeerine to forty of carth, forms the useful minimum,”
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and seventy-cight parts, by woight, of nitre-glyeering to iwenty-two of earth, the useful maximuny of ¢xplosive
power. The former has a perfoctiy dry appedrance, the latter is pasty. ’ : o ; 4

Botwoen these two extremes the composition will be explosive powder, and it will be move easily exploded,
and its explosive power greater, as the relative proportion of the nitro-glycerine is greater. i C

The proportions, by weight, of seventy-five of nilro-glycerine to twenty-five of earth, gives s powdor as
well adapted to ordinery practical ‘purposes as thei from any proportions I am now able o qutae, aud enn ba”
easily compressed to a spocific gravity nearly equal to that of pure nitro-glycerine. - S

When tho mass has been intimately wixed and thoroughly incorporated by stirring and kneading, it ia
rubbed through a haiv, silk, ov brass-wire sicve, {iven corrodes,) and any lumps which may remain wre rubbed
with a stiff-byistle hrush £ill they aro reduced and made o pass through the sicva,

. The powder is then finished and rendy for use, ‘ - .
The fineness desired for the powder wiil determine~the fimeness of the sleve te-bansed. .. . . .
~ 'Wha chief characteristic of this powder is its nearly perfect exemption from liability to accidental:or
involuntery cxplosion; . * : e

It is far less sensitive than nitro-glycerine to concussion or percussion, and contained in its usual packing,
{n wooden cask or box,} the Iatter may be smaghed completely to pieces without 2ny danger of sn explosion.

Unlike ganpowder, in the gpen nir ot in ordinary packing, (a woodon eask or box.} it burns up, when set’
fire to, without cxploding. It can, thorcfore, be haridlod; stored, and transported with less danger than ordinary”
gunpowder. ' s v

When confined in a tight and strong cnclosure it explodes by heat applied in .ony form when abova the
temperature of 360° Fehrenheit. Uunder 21l other circamstances it mey be oxploded by some other explosion
in it or into it, : : ; :

The most simple and certain method known to me of exploding it is as follows: .

The end of o common blasting-fuse is inserteil into & percussion-cap, and the rim of th
ahd firmly about the fuse by nippers, or other means, 50 as to leave the fulminating-powder of tha eap anéd th
end of tho fuse tightly and firmly enclosed togother. The end of the fuse, with the cap attached, is ther
embedded in the powder—the more firmly, the move gertain the explosion, z .

In blasting, the powder is pressed’ tightly about the eap and fuse, and tamping, of sand or other proper
material; added, and prossed bur not pounded in. A lempiog Ly pressed is as good se if rammed in the

most solid manner. ; _
The fuse explodes the cap, nnd this explesion explodes the powder.
T will add here that by carefully packing the end-cf a good fuse nuridst the powdor 'of a charge enclosed,
va will explode the yowder, especinlly if the powder ja

& cap crimped tightly

strongly chafged with nifro-glycerine. But this method of cxplosion requires too much care, and is too uncer-

tain to be depended npon or generally ased. e %
As beforo stated, the moro strongly the powder i3 charged with nitro-giyecrine the moro casily 1t explodes.

If, thereforo, the powder contains a lIow proportion of nitro-glycerine, it i5 necessary to employ in its explogion
u correspondingly long, strong, and heavily-charged percussion-cap, made especially for the purpese. For the
sake of certainty of explosion it is beiter to nsc'such a eap in all cases. ] ;

If the fire from tho fuse comes in contact with the powder before the cap is exploded, which is lizble to
occur if 1he fuse is Jeaky and the cap extends too far into the powder, a portion of the powder will.be burned
before the explosion takes place., To gnard ngainst this, the cap should.onby be fairly inserted into the powder,’
and poor fuses wound next to the cap firmly with sirong glued paper or homp, or otherwise sccured.

The bore-holes, as a practical but not absolnte rale, should be about one-half the size, and the charge
should be from one&fth to onc-tenth the quantity ordinarily used in gunpowdor-blasting.

A yery convenient form in which to use the powder is to pack it firmly in cartridges of strong paper.

Having thns deseribed my invention, what I claim os new, and desire.to secure by Lctters Patent, ig—

The composition of matter, made substaitially of the ingrodients and in the mauner and for the purposes

set forth. . _
ALFRED NOBEL.

Witnesses ;
Tr. 1. Prouxe,-
Hrinyg. BARTELTSEEX
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- Unrrep StaTes PATENT OFFICE.

WILLIAM KELLY, OF LYON COUNTY, KENTUCKY.

IMPROVEMENT IN THE MANUFACTURE OF IRON.

S‘peciﬁoai;ion forming part of Letters Patent No, 17,628, dated June 23, 1357.

To all whome 6 may concermn:

‘Be it known that I, Wirlray Kurry, of
Lyon county, Kentucky, have discovered a
new and Improved Method of Treating Iron,
by which I am enabled to rcfine and decar-
bonizecrude pig metal or iron in a floid state
without the use of fuel.

The nature of wy invention counsists in the
discovery that the carbon mechanieally com-
bived with iren, and which is burned from the
fuct while in the process of smelling in the
blast-furnace, is of itself (tho carbon) suffi-
cient, when combined with the oxygen of the
air, to creaie heat enongh and of sufficient in-
tensity to keep melted pig iron or mectal in a
fluid or lively slate long enough to carry the
metal through, without chilling, all the vari-
ous manipulations of refining without the aid
of any other heat than that obtained by the
ahove - (escribed chemical union of oxygen
and carbon. _

L am aware thatib is well known that oxy-
gen and carbon,when combined or brought to-
gether, produce lteaty but it is not known that
{he amouni of these chemical properties in
air and iron is the required guantity neces-
sary to produce heat sufficient to carry out the
practical refining of crude pig-ivon; hence
the prevailing opinion among iron-workers
that o blast of cold air driven info a body of
liguid iron would chill it. Therefore, when
iron is worked in the linery orrun-oulfire the
presence of heat from other soarces isdeemed
indispensable to prevent the chilling of the
iron. The finery or run-outfire is usually open
on three sides, sometimes ciosed except ab
top to receive the charge of coal and iron.

A furnace or cupola to work iron under

“any new process must be constructed as close

as possible to preveut a loss of iron which

would oceur on account of its violent boiling, :

process the metal is faken in a fluid state
from the blast-furnace and put in the cupola
or furnace. In thefinery or run-out the jron
is brought to a fluid state by mixing it with
large quantities of fuel, and when melted falls
to the bottom of the finery,where it is decar-
bonized by strong blasts of air.in conncetion
with the fuel.  In my process no fuel of any
kind is used or required, as I rely exclusively
on the hcat ereated or generated by thechemi-
cal union of oxygen in the air and carbon in
the iron,

Inthe accompanying drawings, Figurel rep-
resents a vertical section of cupola or farnace
used in my proeess, being a close eylindrical
chamber with a filne, A, at top to carry off the
carbonic-acid gasformed in decarbenizing the

s dron,

B is a snall opening to receive the charge
of fuid iron. . '

G C are the tnyeres placed around the
sides of the furnace, pointing downward at an
angle such that they sweep about three-quar-
ters of the bottom of the chamber, the muzzles
of the tuyeres being abouf six inches above the
bottouny, of the chamber,

D is a tap-hole forletting out the mefal when
refinetl. Thechambershouldnotexceed three
or four times the space oecupied by the fluid
iron. The blast is first let on into this cham-
ber or eupola; then thefluid iron igpourcd in,
which, by the cause hereinhefore described,
commences @& violent ebullition or boiling,
which continues until the iron is suffliciently
refined, when the tap-hole is opened and the
metal let out.

What I claim as my invention or discovery,
and desire to seenre by Letters Patent, js—

Blowing blasts of air, either hot or cold,
up and through a mass of liquid iron, the oxy-
gen in the air combining with the carbon in

during which particles are thrown up and ad- | the i_ron; causing a greatly increased heat and
here to the sides and top of the chamber, but ; boiling commotion in the fluid mass and de-

which during the process ave remelted and
flow down to the mass in the bottom. -In the
finery or run~ont this loss is prevented by the
iron being covered by fuel. Tt is alse first
charged with metal in 2 solid state. In my

H

}

carbonizing and refining the iron.
WILLIAM KELLY.
Titnesses: ' :
W. B. MACHEW,
Jas. N. Gracy.
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PIERRE LALLEMENT, OF PARIS, FRANCE, ASSIGNOR TO HIMSELE

AND JAMES CARROLL, OF NEW HAVEN, GONNECTICUT. . -

Letters Patent No. 59,915, dated Nover ——"eea

——
T ————

IMPROVEMENT IN VELOGIPEDES — -

— W .

The Schedule referred. to in these Letters Patent and making past of the same

ik e ———— — -

To all whom it may concern: : .

Be it-known that. X, PIerRE LALUBMENT, of Paris,
temporarily residing at New Haven, in the county of
New Haven, and State of Connecticut, have invented
a new Improvement in Velocipedes; and I do herehy
declare the following, when taken in connection with
the accompanying drawings, and the letters of reference
marked thereon, to be a full, clear, and exact descrip-
tion of the same, and which said drawings coustitute
purs of thig specification, and represent, in— -

Figare 1, skle view, - . :

Figure 2, top view, and in -

RFigure 3, a front end view.

My invefition copsists in the arrangement of twe
wheels, the one directlyin front of the other, combined
" with a mechanism for driving the wheels, and an ar-
rangement for guiding; which arrangement aiso ena-
bles the rider to balance hinself upon the two wheels:

To enable othars fo construet and operate my veloei-
pede, L will proceed to describe the same, as illustrated
iu the accompanying drawings.

A aud B are two wheels of common construction,
each arranged upon. separate axles, and placed, one di-
rectly in frout of the ofher, as geen in fige. 1 and 2, the
two connected together by a bar, C, passing over the
two, as seen .in fig. 1, with arms, ¢, extending down
znd supported on the axles of each wheel, a8 seen in

. 3.

g’_{‘h,e arms of the forward wheel, A, are arranged
_ upon a pivot on the bar G, so that, by means of ban~

dles, 1 D, the forward wheel may be twmned to the
right or left, as denoted ju red and blue, fig. 2. .

To the axle of the forward wheel A, I fix oranks E,
to each of whick I also fix a rocking-treadie, I, the
same treadle being balanced by an extension below the
erank-pin, so that the flat surface, 28 seen in fig, 3,
will always be uppermost.

. Above the bar C, and attached thereto in any con-
venient mapoer, I arrange a saddle-seat, H, upon &
spring, I, as seen in figs. L and 2. .

It is evident that, if left to its natural inclivation,
this carriage could not be made o stand upright. I
will, there%)re, preceed to deseribe how the carriage is
put in motion, and, when in motion, 2n upright posi~
tion maintained. i L

‘The yider, Aust, setting the carriage apright, as in

figs. 1 and 8, seats himself-upon the saddle, in like

manner as upon other carriages of this character, givs
ing a forward movement to the. carriage, either by his
feet in contact with the earth or otherwise; inmedi-
ately placing his feet;-each, upon-one of the treadles.
F, and ‘each Land upon one of the guiding-arms, D,
by his feet eausing the forward wheel A to revolve, and
by the bands guiding tbe carriage and maintaining his
upright position. - : e
1t the carriage is inclined to léan to the right, turn.
the wheel as denoted in red, which throws the carriage
over to the left; or, if inclined to the lefl, turn the
wheel as denoted in bloe. R
Thus the carriage is maintained in an upright posi-
tion, and driven with great velocity by means of the
cranks in the forward wheel . 7 B
"The greater the velocity, the more easily the upright
position is maintained. = T : :
To turn the carriage either to the right or left, turn
the guiding-wheel accordingly. ° ; G
By this construction of a velocipede, after 3 little
practice the rider is-enabled to drive the same at an
incredible velocity, with the greatest ease. :
Having, therefore, thus fully described my invention,
What I claim a8 new and useful, and desire to se¢ure
by Letters Patent, is— " . ) R wm
"I'he combination and arrangement of the two wheels,
A and B, provided with the treadles F, and the guid-
ing-arms 1), 50 a8 to operate substantially 2s and. for
the purpose herein seb forth. ‘ Lo 4
- ; PIERRE LALLEMENT.
Witnesses: ; 5o ' :
JoEN B, Bary, -
Avzsis J. TmpIrs.
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K. G. OT18, OF YONKERS, NEW YORK.

IMPROVEMENT IN HOISTING APPARATUS.

" Spocification forming part-of Letters Patent No. 31,128, dated January 15, 1861, - -

To all whom it may cencern: . . - ‘
Be it known that I, E. G. OTIS, of Yonkers,
in the county of Westehester aud State of New

York, have invented a new and Improved

~ Hoisting Apparatus; and I do hereby declare
that the following is a full, clear, and exact
description of the same, reference being had

to the annexed drawings, making a part of:

this specification, in which—
" Figure 1 is a vertical seetion of my inven-
tion, taken in the line x z, Fig. 23 Fig. 2, a
front view of the same; Tig. 3, a detached
. side view of the stop méchanism:
Similar letters of referenco indicate corre-
sponding parts in the several figures.

The object of this invention is to obtain a

hoisting apparatus which may have:its weight

- or load stopped at sny desired point and a
brake automatically and simultaneously ap-
plied with the stoppiugof the load or weight.
The invention also has for its object the

_sustaining of the load or weight in case of

the breaking of the lifting-rope in such a way
as to insure a certain effectual action or op-
eration of the load-sustaining mechanism.
To enable those skilled in the art to fully
understand and eonstruct: wy invention, I
* will proceed to deseribe it. °

A represents a base or 1)111t161-m, 16 whicl

“two uprights B B arc secured, said uprights
having each a rack € at its inner side. Theso
racks C have teeth of hook form, or the fceth

. may be described as having an inclination
upwird, as shown clearly in Fig. 2.

Between the uprights 13 B a platform D is

placed, the platform being secured to two up-

rights a q, which are grooved vertically fo re-
ceive the racks C €. ‘l'o.each upright ra.
bent lever E is attached by a fulerum-pin b,

and the inner ends of the levers 1 E overlap
each other and are fitted in an eyo ¢ at the
lower end of & vertical Lar I, which passes

loosely through a rail or bar d, that couneets:

the upper ends of the uprights @ ¢. To tho

Jower end of the bar 1 a spring eis attached,

said spring having a tendency to keep the
pawls 7, which are attached to the lower ends
of the'levers E E, in gear with the racks CC.
This will be fully understood by referring to

Fig. 2, in which it will be seen that the pawis .
_f are coninected tothe ends of thelevers E by

.pivots, and have springs g attachéd, which

springs have a-tendency to keep the pawls |

| N, around which and

| To the dram 1I a-rope

1 presse'd,'dqwn into or Letween the teeth of

the racks C. The pawls, it will be seen, fit
or work in mortises hin the uprightsaa. To
the upper end of the bar F there is a rope G
attached. This rope G passes over pulleys ©
i, and extending down is aftached toa drum
H, which is connected by gearing j ktoa shaft
I, having two idle-pulleys J K upon it and'a
working-pulley 1. between them, :
The drum H and shaft I have their bear-
ings attached to snitable uprights M M, and
Dbetweon these uprights there is placed a dram
the idle-pulleys J K-
.belts O P pass, ono of which P is a cross-belt.
Q is attached. This
rope winds on drum’IH" in & contrary direc-
tion- to-tt‘m rape (3, which is connected with
the platform ). The rope Q passes upward
over a pulley I and has a weight R attached
to it, said weight serving as:a connterpoise
for the platform . _ s
The belts*O ¥ pass through eyes i, at-
tached to the slidaS, which forms a belt-ship- -
per. - This slidé is fitted in sunitable gnides n
a1 and has a rack o at one end, into which &
pinion p gears. L'he pinion p ison a-shaft
. whicli-has a drum » placed on it garound
which a“rope 'f' passes, said rope being se-
ctired to.the drum 7 and wound around it in
opposite directions. The rope T also passes
over pulleys s s andidown around a pulley ¢
near the base A.  To the portion of the rope
T betwoen the pulléys § s and { a rope U s

| attaclied by abranched end V,each part wof

which is attached to a side of the rope.T, as
shown clearly in Kig. 3. B B
Te the slide or belt-shipper & there is at-
tached an arm W, the lower end of which is
attached by a pivot to a bar X. 'This bar X
is altactied by a pivot to one of the uprights
M, and the bar X is provided with a pendent _
projection ¢, which Dears on & LarvY, one :
end of whicl is attaclied by # pivot to-oneof
the aprights M and theopposite end fitted.in-
a guide ¢’ on one-of. the uprights. “Vo the
bar Y at about its center a shoe 7 isattached, -
which, whenthe bar Yis pressed downward,
bears upon the working-pulley L. o .
The operation, whicl will be readily seen,
 is as follows: When the druun N'is turned in’
-the direction of the arrow and the belt P on

“the working-pulley T, the rope G will be
\_vo‘und on'tle drun 1f<a11d the platform -
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. elevated, and in order to lower thﬁ platform-
the cross-belt I* is moved on the working-

pulley I, the belt O being moved on theidle-

.. pulley J. Theé shifting of those belts is ef-

fected by actuating the rope T by hand, the
movement of whxchturnsthedrumrso thatthe

. pinion p will, in eonsequence of gearing into

theracko, movetheslideS. TheropeU forms
the stop, and when pulled dgwn both partswu

of the branched end V of the rope U have
their upper ends brought in the same hori-

zontal plane, and the slide 8 will be so sctu-

~.ated that the belt O will be on theidle-pulley

J and belt. P on the idle-pulley K, the shoe Z

- being at the same time pressed down on the

working-pulley Land servingasabrake. The

branched end V of the rope U it will be seen,
actuates the rope T when the machine is in
operation, but will have no effect on said rope
. when the brake is applied, as the upper endg
of both parts 1w of the end V will beina
- horizontal line with each other. - In order to-

raise the platform D, the rope T’ is moved by
hand so0'as to throw tho belt O on the work-

_ing-palley L, theshoe Z being simultaneously
* raised, and in order to reverse the movement
of the platform D and allow it to descend, the
- rope T is moved so as to shift the er oss-belt
. P on the working-pulley L.

In.case the rope G should bréakin hmstmg
the loaded platform D, the pawls f f,in conse-

-quence of being reled.sed from the pull of said
rope, will 1mmedmtely be thrown in ednnec-.
- tion with the racks C C by the springs e g g,
. and in consequence of the teeth of the racks
being of hook form or pointed upward the
pawls f f, under the weight of the load onthe
- platform, will bave a tendency to draw the up-

rights 3 B toward each other instead of fore-
ing them -apart,and the pawlslock themselves
with the racks, so that ¢asnal disengagement

- is impossible. DBy having the counterpoise R
-attached to the drum MHinstead of to the plat-
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form D the p!;ib_forin or load—su_stai.uihg»mech-
-anism is not at all interfered with, as would

be the casé were the rope Q attached directly
to the u‘oss-pxe(,e d. o'one of the uprights
a an-'arm «* 1s attached, said arm havmg an
eye at its outer end, t.hrouoh -which the rope
T passes, and said rope has & knot or projec- .
tion 1 ‘on it, against which the arm a* acts

‘when the platform reaches itslowest pointof

descent, and thereby throws the belt O off the
workin g—pulley Land stops the descentof the .
platform, while the brake Zis sxmult:meouslv
applied. : /
Having thus described my mvenl&on, wha.t I

claim as new, and desire to secure by Letters

Patent, is—
1. Having the pawls f f and the teeth of the

racks C C hook formed yessentially as shown, - ‘
's0 that the weight of the platform will, in case

of the brea.kmg of therope G, causethe pawls -

and teeth to lock together and prevent the . -

contingeney of a separatlon of the same, a8
Eerein set forth
2. The ammgement of the ropes T U;and

"V, combined and operating. suquntlally as

and for the purpose set forth. .
~ 3. The arrangement of the slide or belt-
shipper § with tho shoe or brake Z and : rope

{ T, substantially as shown, to admit of the si-

multaneous application of the brake and the
shifting of the belts O P on the idle-pulleys
J K, as set forth.

4, Attaching the rope Q of the counterpoise
R to the drum II on the opposite side from
the lifting-ropo G, snbstantially as shown, so
as to counterpoise the platform D without
preventing or interfering with the action of
the safety mechanism E e f. o

' E. G. OTIS.

Withesses: Fa ®H

M. M. LIVINGSTON
G. H. REED.
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This invention refates to a television appa-

ratus and process, that is, it is divected to an
apparatus and process for the instantaneous
transmission of @ scene or moving image of
an object Jocated at a distance in which the
transmission is by electricity. '
Fleretotore attempts have been made 6o
transmit an image of an object by electricity
so that the image of the object will instan-
tancously appear at a distance. These prior
attempts at television have generally em-
bodied an apparatus and method in which
each particnlar elementary area of the image
of the object is successively converted 1nto an
olectrical current, the intensity of which is
pronertional to the intensity of the light at
that particular clementary area; ail the ele-
mentary aveas of the image being covered in
that fraction of a second during which the eye
will retain a picture, hereafter referred to as
the optical period. This is followed by a
transmission of sneh current and a conversion
of sueh current to light corvesponding in in-
tensity to the intensities of the light of the
individual areas of the original image; the
reconversion process likewise  being per-
formed within the optieal period =o that, by
a, proper coordination of the developed light,

an image of the object to be transmitted ap--

pears as instantly formed at the receiving end
of the apparatus and method. '
The time during which the human eye will
retain & picture is of such short duration that
the conversion of the light shades of the orig-
inal image of the object to electricity and the
reconversion of said eleetricity to light and
the proper coordination of such light must be
performed at & very tremendous speed. All
prior attempts at television have atliempted
to employ some mechanically moving part

for dissecting the image of the original ob-

ject during the process of forming an elec-
trical current which varies in intensity in ac-
cordance with the light. shades of the

-respective clementary areas of the image.’

None of these prior attempts at television
have proven successful. They have resulted
at best in the production of a crade moving
silhouette of the object to bhe transmitted.
This has generally been due to the fact that

the mechanically moving parts of the prior
apparatus have not been able to travel at the
necessary speed reguirements with the syn-
chronism required in a television apparatus.

An object of the present invention is to
provide a method and apparatus for televi-
sion, which is adapted to transmit electrically
2 true moving image in full light shades of
the object to be transmitied.

Another object of the present invention is
to provide a method and apparatus for tele-
vigion in which the conversion and dissecting
of the light shades of the object to be trans-
mitted, to electricity and the reconversion of
such clectricity to forin an imsage is accom-
plished in the following manner:

TIn the process and apparatus of the present
invention, light from all portions of the ob-
ject whose Image is to be transmitted, is
focused at onc time upon a light sensitive
plate of a photo-electrical cell to therehy de-
velop an electronic discharge from said plate,
in which each portion of the ¢ross section of
such electronic discharge will correspond in
electrical intensity with the intensity of light
imposed on that portion of the sensitive plate
from which the ‘electrical discharge origi-
nated. Such g discharge is herein termed an
electrical itnage. * An electrical shutfer is then
interposed between said sensitive plate and
the anode of the photo-electrical cell, the
shutter having a small aperture therein so
that there can be received upon said anode ab
one instant, only the electrons which origi-
nate from one elementary arvea of the light
sensitive plate. There is then imposed upon
the electrical discharge a plurality of elec-
trical potentials of different frequencies for
causing the electrical discharge to bend intwo
directions, whereby the electrons from each
elementary portion of the sensitive plate are
stccessively directed through said shutter,
this action taking place so as to completely
cover the arca of the sensitive plate within the
optical period. The scene to be transmitted
is thus analyzed or dissected to produce an
electrical cnrrent.or “light” current having
‘variations in intensity in accordance with the
light shades of the object to be transmitted
and this is accomplished within the optical
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s’n% mechanicaily moving parts. )

he produced electrical current or “light”
current may be transmitted to the receiving
end of the apparatus by either wires or may
be superimposed upon a wireless carrier wave,
There is also transmitted at the same time and
preferably superimposed upon the same car-

rier wave, the two electric potentials of dif- .

ferent - frequencies which are employed in
analyzing the image so that such currents
may be employed to synchronize the receiv-
ing apparatus and process.

At the recéiving end of the apparatus and
process, the “light” ewrrent is reconverted to
light and the light coordinated to form an
image of the object transmitted in accordance
with the following apparatus and process.

Preferably a constant source of light is uti-
lized which is directed, first, through a polar-
izing prism and hence through an apparatus
or means by which the plane of polarization
of the light may be rotated by the “light”
current. In this manner ap instantaneous
response to the variations of such light cur-
rent is obtained in the rotation of the plane
of polarization of the light. The light is
then directed through a suitable screen capa-
ble of shutting off the light in accordanece

- with the rotation of its plane of polariza-

tion. In this manner, a beam of light is
developed fluctuating in intensity to the va-
riations of intensity of the “light” current

trensmitted without the necessity of employ-

ing any mechanically moving parts. This
satd beam of light is then projected by means
of two cooperating osciilographs wpon the
screen where the image is-to be transmitted,
operated by the
synchronizing frequencies transmitted with
the “light” carrent to correctly coordinate
the light upon the screen to form a correct
image. '

The present invention, together with vari-
ous objects and advantages thereof will best
be understood from s description of a pre-
ferred form or example of & process and ap-

paratus for television embodying the inven-

tion. For this purpose, I have hereinafter
set forth one form of example of a method
and apparatus for producing television in
accordance with the present invention, and
have illustrated said apparatus and method
as it is adapted for television by wireless.
It is to be understood, however, that the in-

vention is capable of various and numerous
- modifications, changes, and substitutions,

and is not necegsarily limited to the trans-
mission by wireless or radio.

The apparatus and method will best be
understood from a description of the accom-
panying drawings, in which: :

Figure 1 is a diagrammatic view of a com-
plete television transmitter, including a cir-
cuit diagram therefor, - '

Figure 2 is a diagrammatic view of the
telovision receiver, ’ S
Figure 3 is a circuit diagram of the elee-
trical connections for the television receiver,
Figure 4 is an elevation of one of the
oscillographs, )
Figure 5 is a plan view of one of the oscil-
lographs, :
Figure 6 is a perspective view of the light
diverting means, ‘
 Figure 7 is a sectional view of the photo-
electric cell, T
Figure 8 is a section on the line 8—8 of
Figure 7, S )
Figure 9 is a seetion of the light rotator,
Figure 10 is an end view thereof,
- Figure 11 is a representation of the form
of electric current of the first oscillator em-

-ployed in developing a potential for the

photo-electric ‘cell,

Figure 12 is a representation of. the form
of electric current produced in the second
oscillator, :

Figure 13 is a representation of the result-
in%straight lined potential, .

. Figure 14 is a view of the scanning path
and also a view of the path of the light beam
over the receiving screen,

Figure 13 is a perspective view of a bi-axial
crystal showing the conical refraction of un-
polarized light,
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Figure 16 is a perspective view of a bi-

axial crystal shewing the refraction of polar-
ized light, and, '

Figure 17 is o diagrammatic illustration
of the path of light through the gratings.

Referring to the drawings, 2 represents
an object, an image of which is to be trans-
mitted. Said object may be an actual scene
or a photograph, a projection of a motion
picture film, or any other object. The object
2 1s preferably illuminated, for example, by
means of an arc light 3 focused thereon by
a lens'4. 5.indicates a lens for focusing an
image of the object 2, upon the light sensi-
tive plate 6 of a photo electric cell 7.
~ The photo-electric cell is preferably con-
structed as follows:
- The light sensitive plate 6 or cathode of
the cell is preferably made flat and is formed
.of a fine mesh screen 8, and said screen 8 is
covered or coated with a light sensitive
material such as sodium, potassium, or ru-
bidium. 10is the anode of the photo-electric
cell positioned at the other end of the cell.
Between the sensitive plate 6 and anods 10
and closely adjacent to anode 10 is placed
an electric shutter 11 formed by ‘a metallic
plate in which there is a small aperture 12.

Between the shutter 11 and light sensitive 1

plate 6, four plates 13, 14, 15, and 16 are
placed at right angles to each other and out-
side the path of electrons from the plate ‘6
to the shutter 11. Each opposed pair of the
plates are connected to a source of electrical

109

105

110

316

353



i

26

28

a0

43

5D

b ¢

;3

ergy,

1,778,080

potential of a different frequency. The

photo-electric cell should be hiohly evacu-

ated, such for example as to 107 em. mer-
cury to permit a high poiential across the
cell without ionization.

The necessity for employing & high po-
tential across the cell arises from the fact
that the photo electrons cmitted from the
cathode 6 have a small emission velocity
which depends upon the color of the light
causing their emission. This emission
velocity is always small, of the order of that
which an electron would acquire by falling
through & volt or two, but it may have nearly
any direction. This haphazard motion tends
to distort the electric image and is only pre-
vented from doing so by mmaking the poten-
tial betseen the cathode 6 and the anode
10 high enough to insure that the time taken
for an electron to traverse the distance be-
tween cathocle 6 and anode 10 is so small that
the smnall velocity transverse to this path
produces no appreciable distortion. Hence
£he vacuum in the photo-electric celt T should
be the highest obtainable. ' :

The eloetrical potentials are provided by
an oscillator 17, capabie of developing two
different high frequency electrical currents.
Said oseillator 17 not only is required to pro-
+ide a source of oscillating energy but is re-
quired to provide a form of oscillating en-
the wave form of iwhich is composed
of substantially straight lines, as will be
hereinafter pointed out. Such a wave form
is essential fo accomplish a uniform Jighting
of all portions of the image which is to be
produced. _ :

The oscillator comprises a tri-electrode
vilve 20 connected in a civeuit acting as an

~ oscillator to produce an oscillating energy

of low frequency, such for example as 10
cycles per second. It is understood that any
customary or preferred form of circuit for
this purpose may be employed, the particn-
lar circuit deseribed being provided with a
arid leak 21 conneeted with the grid 22 of
the tube 20, and hence through a negative
bias battery 23 to the filament 24. The fila-
ment 24 is indicated as heated by a battery
95. The plate 26 of the tube Is connected
through a battery 26” and the choke coil 25"
to the filament 24. The plate 26 also con-
nects throngh an inductance 27 and capacity
08’ with the grid. The inductance 27 is
shunted by a fixed cdpacity 28 and a variable
capacity 29 in series, one end of the series
being connected to the end of .the induct-

ance 27 and the other end having a variable
Between-

connection with said inductance.
these capacities 28 and 29, a lead 31 is con-
nected which connects with the filament 24
of the tube 20.

By this connection, the constants of the os-
cillating circuit may be any value of induc-

tance and capacity to bring the oscillating

3

circuit in resonance with the.freqpency of the

desired circuit. Said oscillator In turn pro- -

vides a source of potential for a second oscil-
lating cirenit of similar design, the second
oscillator operating at a higher Arequency

such, for example, as 500 kilo-eycles. The

cocond oscillator comprises the tube 82, the
plate 33 of which is charged with the osecil-
Lutory energy of the first oscillator. The first
oscillator is-coupled thru the secondary coil
317 to plate 33, the inductance 34 being in-
cluded in series therewith., The inductance 34
may be any suitable radio frequency choke
to prevent the high frequencies in the secc-
ond oscillating cirenit from being imposed on
the first oscillating civenit. The plate 33 is
connected through the primary 40 of a radio
frequency transformer and hence through the
ecapacity 41 with the grid 43. Capacities 43
and 44 are shunted around all or part of the
primary 20 and a Jead is conn ected from their
midpoint to the filament 39 ot the tube 32.
The grid 42 of the tube is connected through
a suitable Teal 45 and negative bias battery
46 with fAlament 89, Tt is understood that
the second oseillating cirenit thus deseribed
is only one example of a cirewit adapted for
tl¥s parpose and the varions constants of the
cireuit may be of any value suitable for bring-
ing the circuit into resonance with. the fre-
quency of the oscillations (500 kilo-cycles)
desited to he produced therein.
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The voltage of the first oscillator s adjust-

od to be well ahove the talue vequired for
masimnm plate enrrent of the second oscil-
lator. Fence, since the second oseillator will

. generate oscillations only when the plate volt-

age is positive, the current generated by the
cecond ozcillator will be similar to that shown
in Figure 12. The harmonice orcillating cur-
rent developed by the first oscillator is repre-

‘gented in Figure 11, This enrrent, when 1m-

posed upon the second oscillator, develops. a
enrrent such as illustrated in Figure 12, in
which it will be seen that each positive cy-
cle of the first harmonic current produces 2
seyies of harmonic oscillations in the second
oseillator of substantially equal intensity,
while during the negative period of the first
harmonic current, substantially no oscilla-
tions are developed in the second oscillator.

The output from the second oscillator is
then imposed upon an audion
a tube 48 with its grid 49 connected by a line
throtieh the grid leak and grid condenser 50
to an inductance 51 inductively coupled to the
inductance 40. Said secondary 51 is connect-
ol to the filament 52 of the audion 48, Shunt-
od across the secondary 52 is a condenser 63
of value suitable to produce resonance with
the oscillations developed in the second os-
cillator. The plate 54 and the aundion 48 18
connected by the lead 55 with the plate 15 of
the photo-electric cell, and the opposed plate
16 of the photo-clectric cell is connected by
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2 lead 56 'through the battery 57 to the fila-

ment 52. The resistance 58 is shunted across
the leads 55 and 56 to
the plates 15 and 16.

The action of the audion circuit including
the tube 48 is to produce an alternating cur-
rent equal to the frequency developed in the
first oscillator but the wave form of said fre-
quency is of substantinlly straight lines such,
for example, as indicated in Figure 13. In
producing this wave form, the audion tube 48
operates-g
condenser 50 to accumulate a charge during
the passage of each wave train indicated in
Figure 12, and such accumulated charge leaks
off during the interval between successive
trains, so that the output of the audion 40 into
the plate cireuit, indicated by the leads 55 and
56 Fpassing to the plates 15 and 16 of the

hoto-electric cells) assumes the straight line
orm of Figure 13,

There is also a duplicate form of audion
cirenit for supplying a similar wave form of
electrical oscillations for the plates 13 and
14 of the photo-electric cell, said escillations
being, however, at a higher frequency such,
for example, as 5000 cycles per second. Inas-

much as this cireuit is identical except in

- value of constants to the cirenit just described,

3¢

the parts corresponding to those numbered
20 to 5% are numbered 20" to 542,

. derstood that the oscillating tube 20* devel-

35

ops & harmeonic oscillating current of 5000

cycles which will be imposed upon the oseil- -

lator including the tube 82¢, operating at 500
kilo-cycles producing a straight line alternat-
ing current in tube 48* of a frequency of
5000 cycles per second. The outputfromtube

" 48" to the plates 13 and 14 is from filament
- 52% through resistance 582, battery 57, and

hence through a modulating tube 59 through
the plate 60 thereof, and to the filament
G1 thereof, and hence to the plate 54*

“of the tube 48 . The potential drop

46

-5

[~
=18

across resistance 58 is utilized to pro-
vide the potential for plates 13 and 14 through
teads 55" and 56°. The modulated tube 59 has
its grid 62 connected through the negative

bias battery 63 and condenser 64 with lead 56

while the filament 61 is connected to lead 63
with the lead 55. In this way, the tube 61
acts to modulate the low frequency from the
first. oscillator circuit upon the higher fre-
quency of the second oscillating circuit. E

‘"The potential for the photo-electrie cell is

" provided by a battery 67. The negative ter-

o

minal of the battery 67 is connected by a line

70 with the licht sensitive plate 6 of the.
“photo-electric cell and the positive terminal

of the battery 67 is connected through a re-

sistance 69 to a lead 68 connecting. with the

anode 10 of the photo-electrie cell. The bat-

- tery 67 has preferably a high potential, such

€5

as the order of 1000 volts and the resistance
69 is of high resistance such, for example, as

provide & potential for

ue to the bias of the grid leak and-

It is un-

1,773,080

one megohm, in order that the drop across
such resistance induced by the fluctuations of
light in the photo-electric.cell may be ampli-
fied before gei.ng transmitted. ’Fhe shutter
11 of the photo-electric cell is connected by
line 71 to the positive terminal of the battery
67 between the resistance 69 and the battery
67 so that it operates at the same potential
as the anode 10.0f the cell hut its current
zgpply‘does not pass through the resistance

The effect of the potential applied to the
plates 13 and 14 is to cause the electfic dis-
charge from the light sensitive plate 6 to be
bent back:and forth between the plates 13
and 14 at a frequency corresponding to the
frequency of the electric pofential imposed
on the plates 13 and .14 (for example, 10
cycles per second). ' The effect of the poten-
tial applied to the plates 15 and 16 is to cause
the electric discharge from the light sensitive
plate to be bent back and forth between the

‘Plates 15 and 16 at a.frequency correspond-

ing oscillator currents or

2

mg to the frequency of the electric potential
imposed on the plates 13 and 14, (for exam-.
ple, 5000 cycles per second)., The resulting
effect is the same as if the opening 12 of the
shutter 11 was mechanically moved over the-
light sensitive plate in accordance wjth the
line shown in Figure 14, in which the sub-
stantially parallel lines indicate the move-.
ment caused by the potential on the plates 15
and 16. The oscillations of the electric dis-
charge in the direction at right sngles to the
Lines of Figure 14 is caused by the Ppotential
on plates 13 and 14, causing the image on
the plate 6 to be traversed once every 1/20th.
of a second with 2 10 cycle per second poten-
tial. During this period of time, the 5000
cycle per second frequency imposed on plates
15 and 16 will have caused five hundred pas-

- sages afross the image as contrasted with the

other television attempts which have succeed-

70

3

o0

103

ed in securing’ only about thirty-five ‘Hnpes

across the image during the optical period.
Moreover, it is understood: that the frequen-
cies imposed ‘on the plates 13 to 16 inclusive
may be increased without limit(up to at least
texi thousand kilo-cycles per second), giving
any desired number of passiges over the im-

-age within the optical period; or to make the

optical period as short ag desired.-

' There will now be destribed the apparatus
utilized for amplifying the light current and
for transmitting such current on a wireless
carrier wave, together with the two analyz-
potentials employed
on the plates 13 to 16 inclusive, of the photo-
electric cell.- The trapsmitting means com-
prises the tube 72, said tube operating hoth
as an amplifier of the light currert and as a

modulator of a further tube 73; it being il- -

lustrated asin a Heising modulating:circuit.
The tube 73 produdes 4 first carrier wave of
suitable frequency such, for example, ns’ of
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about 500 kilo-cycles. For this purpose, the
tube is illustrated as having its plate 74 con-
nected by lead 75 with an Iinductance 76, the
opposite end of which is connected through
tlhe condenser 77 to the grid 78 of the tube.
The inductance 76 is tapped in the center
by & varvisble tap T9 which connects to a
variable condenser 80 and hence by a line 81
to the filument 82. The condenser 80 and the
coil 76 may have any values provided that
the condenser 80 and the inductance 76 are
adapted to bring the cireuit in resonance with
the carrier wave to be produced. The line 81
is also connected with the line 77 by a con-

" with the filament 82 through a grid leak 84

and negative battery 85, The potential for
the tube 73 is provided by the battery 91,
through the resistance or choke 90. The tube
79 acts as a variable resistance across 90 and
91, increasing or decreasing the potential

~ drop and thereby modulating the potential

E
th

- by said “light”

30

1o

on plate 74 of the tube 73. The tube 72 has
its grid 86 connected by a negative bias bat-
tery 87 with the resistance 69, across which
there is imposed the “light” potential where-
potential is amplified in the
tube 73. The plate 88 of the amplifying and
modulating tube 72 is connected by a line
89 through a choke or resistance 90 and a
battery 91, the negative side of which is con-
nected with the filament 92 of the tube T2
and aleo with the filament 82 of the oscil-
lating tube 78. ; '

The choke 90 operates to fluctuate the po-
tential supply to the plate of the oscillating
tube in accordance with the amﬁliﬁed light
current. In the lead between the choke 90
and plate 74 is provided a choke 92 which
prevents the carrier wave produced in the.
oscillator 78 from being imposed upon the

- amplifying and modulating tube 72 by the

k5

50

circuit thus described. The carrier wave pro-
duced in the oscillator 73 is modulated by
the amplified light current. This potential
is then imposed upon a double modulating
tube 94 which operates to modulate an oscil-
lator 95 producing a second carrier wave of
higher frequency, such for example as 1500
kilo-cycles, or the wave length to be trans-
mitted.

Said double modulator tube 94 not only
modulates the second carrier wave with the
modulated first carrier wave from oscillator
73, but also modnlates said carrier wave with
the analyzing potentials from the mfodulator
tube 59. The double modulating tube 94 has

© its grid 96 connected by lead 97 with a coil

80

98, the coil 98 being connected to the filamient
99 of the double modulating tube. By this
means, the output from the oscillator 73 is
imposed upon the double modulating grid.
The analyzing potentials are imposed upoxn
the grid 96 by a lead 100 which connects across

s ‘the resistance 58* and hence by a lead 101 to

5
the filament 99. The tube 94 is part of a
Heising modulator that has its plate 102 con-
nected by a lead 103 through a radio fre-
quency choke or resistance 104 to the positive
terminal of battery 105, the negative termi-
nal of which is connected with the filament
99. The lead 103 also connects with the radio
frequency choke 108 to the plate 107 of the
oscillator tube 95.
the second cavrier wave from being imposed
upon the double modulating tube 94 while

the choke or resistance 104 fluctuates the po-

tential supply to the plate 107 of the oscil-
lator 95 in accordance with the output of the
double modulating tube 94¢. The plate 107
connects with the lead 108 to an inductance
109 producing the second carrier wave, said
inductance being connected with the lead 110
through condenser 111 with the grid 112 of
the oscillator tube 95. The filament 118 of
the tube is connected by lead 114 through a
variable condenser 115 to the inductance 109.
There is also a condenser 116 between the lead

The choke 106 prevents’

70
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85

114 and the grid leak 110. The inductance -

is also connected with an antenna 117 or other
means for radiating the output from the
transmitter. The filament 113 is grounded
as indicated at 118. _ :

The receiver of the television apparatus
and process is constructed and operates as
follows: Preferably there is employed a
source of light of constant intensity, such as
an arc light 120 and to obtain a pencil of light
therefrom, there is placed a shutter 121 with
a small aperture 122 in front of the arc light.
The light from said shutter is then passed
through a polarizer 123. The polarizer is in-
dicated as preferably in the form of a Nicol
prism. The polarized light from the Nicol
prism 123 is then passed through a lens 124
which parallels the polarized light and the
paralleled light is then passed through a de-
vice 125 for rotating the plane of the polar-
ized light. The device 125 may be any de-
vice suitable for rotating the plane of the
polarized light in accordance with the fluctua-
tions of the light current received at the re-
ceiver, The method of receiving and sepa-
rating this light current from the trans-
mitted wave will be hereinafter pointed out.
The preferred form of such device is illus-
trated as comprising a means for producing
a magnetic field fluctuating in accordance
with the light current, such as the coil 126,
surrounding an electrically optically active
medium 127, such for example as a thin film
of iron, cobalt, or nickel, or carbon disulfide,
glass, or any other material in which a beam
of polarized light rotates considerably when
subjected to a magnetic field. I prefer to em-
ploy carbon disulfide and said carbon disul-
fide is held in the core of the coil 126 by glass
plates 128. - : ' ‘
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The light from the light rotator 195 is then

passed through s device adapted for restrict-.

130
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130 and 2 bi-axial erystal 131. The gratings’
- 129 and 130 may be any usual form of light
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ing the passage of light in accordance,with
its de'%ree of rotation. I ¥r'efem-b1y.employ
' ination of a pair of gratings 129 and

gratings, for example, *uled upon s silvered
transparent surface, and are placed at oppo-
site ends or sides of the bi-axial erystal with
their gratings opposed. . The bi-axial erystal
employed between the gratings is adapted to
produce a conical refraction of the li Et As
an example of a suitable crystal of this kind,
I have employed a crystal of arragonite one
centimeter thick between the gratings ruled

with 100 lines per millimeter. With - this

combination, the rotation between complete
extinction and complete restoration is of the

-order of two degrees. Thus with this ana-
Iyzer, very small currents may be employed -

upon the rotator, permitting the use of
coil of very high natural period. B
- The operation of this analyzer will best be
understood from Figures 15, 16 and 17, in
which Figures 15, 16 and 17 there is disclosed
how a rotation of a few degrees will change
complete extinction to complete restoration.
A indicates a beam of light passing through
the first grating 129 and hence through the
bi-axial crystal 181 to the second -grating
180, the lines of which are opposed. to the
lines of the grating 129. If the beam of Light
passes directly through the bi-axial erystal,
1t is completely extinguished by the lines of
the grating 130 but if the plane of polariza-
tion of the beam A is rotated slightly, the ray

a

- A will take the direction of the dotfed lines

through the crystal and pass between the lines

. of the grating 130, a slight difference in re-

40

fraction of the light in the bi-axial erystal
131 being sufficient for this purpose. :

In explanation of the action of the bi-axial
crystal 131, it is understood that the light
is directed on said erystal along one of its
optic axes. When this is done, the light is
refracted to an extent depending
tion of the plane of polarization. When un-
polarized light from an aperture is directed

~ on such a crystal elong one of its axes, said
- light will appear es a circle from the other

side of the crystal, but when a beam of polar-
ized light is directed along one of the axes of
the crystal, it appears as a point of light lying
in the circle produced by the unpolarized
light, but its position is dependent on the po-
sition of the plane of polarization of the
beam of light.” A 90 degree rotation of the
plane of polarization of the heam of light

- will rotate the light from the crystal from one

side of the circle 8 to the opposite side. The
two extreme positions of a polarized beam of
light are indicated in Figure 15, by the two
branches of the beam of light A, During the

'passage of the light through the bi-axial Crys-

tal, the wave front of the beam of light re-

- mains parallel and the wave front of the beam

on the posi-
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passes through perpendicularly to the optie
axis of the crystal, o ;

By means of the polarizer 123, light rotator
125, and analyzer comprising the gratings 199
and 130 and the bi-axial crystal 131, the con-
stant sugply of light through are light 120
is caused to produce. a light af, varying in-
tensity, varying in accorgance’“with the in-
tensity of the fight current supplied tc the
coil 126. 'Thereby, without the employment
of ‘any mechanical moving apparatus, the
light current is reconverted into light. :

Such Iight is then passed through a lens 132
by which it is focused upon a pair of cooper-
ating oscillographs 133 and 134. Said co-
operating oscillographs 133 and 134 are po-
sttioned at right angles one to the other and
so that the light from one strikes the other
oscillograph. ~Said oscillographs are oper-
ated at different frequencies with the result
that the light is by said oscillographs pro-
jected in horizontal vibrations, which are sne-
cessively lowered or raised vertically so that
the light can pass through a lens 135 upon a
screen 136 and covers successively an enfire
rectangular area of said screen. The oscillo-
graphs 133 and 134 are operated by electri-
cal eurrents of the frequencies of the two an-
alyzer currents applied to the plates 13 to 16
of the photo-electrie cell so that the passage
of the llj)eam of light over the screen 136 is
in synchronism with the bending of the elec-
trical discharge from the sensitive plate 6 of

the photo-electric cell and thereby each por-

tion of light is properly coordinated to pro-
duce a correct image of the object being trans-
mitted. L ; :

The details of the construction of the os-
cillographs 183 and 134 are shown in Figures
4 and 5, only one of the oscillographs be-
ing illustrated since they are of similur con-
struction.” The oseillographs comprise a base
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or body 137 of any suitable material, In the

center thereof, is mounted a quartz strip 138
having a silvered mirror surface. 139 at its
top.

aid guartz strip vibrator 138 is held"

110

in a holder 140 which is vertically adjustable .

by a set-screw 141. The quartz strip vibra-
tor is engaged at opposite sides and at points
spaced apart slightly vertically by a pair of
quartz strips 142 and 143 laid horizontally
and plated at the tops and bottoms by a
metallic plating, such as copper, as indicated
at 144 ang 145, The outer ends of such quartz
strips 142 and 143 engage guides 148 on the
body, and hence engage clamps 147 by which
they are held to carriers 148. The clamps 147
are connected by adjusting serews 149 to the
body 187 by means of which the
142 and 148 may have their pressure against
the quartz strip vibrator 138 adjusted, At
the inner ends of the quartz strips 142 and 143
are placed rests 149* over which are placed a
resilient material, such as rubber, and there-
above is placed a further quantity of rubber.

quartz strips
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Clamps 150 are placed over the top of the in-
ner ends of the quartz strips and connected
with adjusting screws 151 hy means of which
the vertical positions of the ends of the
quartz strips may be adjusted. It is under-
stood that in the showing of Figures 4 and
5, the quartz strips are greatly exaggerated
in thickness inasmuch as in practice such

strips are very thin, approximating the thick-

ness of a sheet of paper, and are cut with their
thickness in the direction of the electric axis,
their length in the direction of the axis of ex-
tension and their width along the optic axis
of thie crystal. "The bottom sidesof the strips
142 and 143 are connected by conductors 152
while the top plating on thestrips is connect-
ed by conductors 153 connected with springs
154 at the top of the clamps 150,

Referring to Figure 3, the electrical appa-
ratus for receiving the transmitted wave in
the transmitter and correctly applying the
light current and analyzing currents to the
light rotator 125 and oscillographs 138 and
184 is as follows: 155 indicates a receiving
antenna or other means for collecting wire-
less waves which antenna is connected

through an inductance 156 to a ground indi-

cated at 157. Inductance 156 forms a pri-
mary of a transformer in which the second-
ary 158 is in the grid circuit of a detector 159.
160 indicates a tuning condenser for bring-
ing the receiver in resonance with the carrier
wave of the transmitter. The plate 161 is
indicated as connccted to a plurality of filters,
the first of which comprises the mnductance
162, the voltage across which-is applied to the
grid of a second detector 164. The first filter
comprising the inductance 162 should be in
vesonance with the first carrier wave de-
veloped in the transmitter or tube 159 there-
of. There is thus imposed upon the grid of a
detector tube 164 a current comprising the
light -current modulated upon the first car-
rier wave formed in the transmitter. - In the
detector 164, such carrier wave is detected to
produce a current output from the plate 165,
which is equivalent to the light current de-
veloped in the transmitter. In the second
detector circuit 164, 166 indicates a condenser
for passing the high frequency and blocking
the Iow frequency currents, and 167 indicates
a battery for supplying the plate potential.
The plate 165 is indicated as connected with
the coil 126 of the light rotator.

The complete circuit of the detector tube
159 also includes a condenser 168 of a capac-
ity suitable for by-passing the high frequency
of the first carrier wave which is detected by
the tube 164 and of a capacity to block the
frequency of the analyzing currents. Such
analyzing currents are therefrom passed
through a choke 169 and line 170 to one of the
oscillographs 183. connecting for example
with the top platings of both of the quartz
strips thereof, the bottom plating of the

7

quartz strips of said oscillographs 133 being
connected by a line 171 with a resistance 200
shunted across line 170, and line 201 which
line connects with the opposite side of the
condenser 168, By this connection, the oscil-
lograph 133 is operated by the higher analy:-
ing frequency, 1. e., the 500 cycles per scc-
ond frequency. Said frequency also passes
through the grid leak 172 to a grid 174 of 2
detector tube 173 wherein said frequency 1s

“detected to deliver from its plate 175 a poten-

tial of the frequency of the first analyzing
current, or 10 cycles per second. The plate
175 is indicated as connected by the line 176
to the resistance 202 which is connected by a
tap 203 to the top plating of the oscillograph
184 and the bottom plating of the oscillo-
graph 134 is indicated as connected by line
177 through the battery 178 to the filament
179 of the detector 173. The filament 179 is
alzo connected by the lead 180 with the con-
denser 168. 'The resistance 200 and 202 pro-
vide a means for controlling the potential of
the currents applied to the oscillographs.
1t will be readily apparent from the de-
scription of the apparatus and operation
thereof, how the detected light current im-
posed upon the coil 126 modulates the light
in accordance with the intensity of light at
the particular point from which said light
current originated from the light sensitive
plate 6. It will also be seen that said light
is projected upon the screen 130 by the oscil-

lations of the oscillographs 133 and 134 to,

form a correct image of the object trans-
mitted, the light being caused to travel back

and forth across the screen similar to the ae- -

tion' of the shutter 11 of the transmitter, mak-
ing the example given 500 reciprocations

‘across the screen in covering the complete

area thereof, and said reciprocations are
made within a period of 1/20th of a second.
It is understood, however, that the process
and apparatus of the present invention is not
necessarily limited to the use of the particu-
lar frequencies given for the purpose of
facilitating the gescription of 'a preferred
process and apparatus. - '
"The process and apparatus of the present
invention permit the selection of such small
elementary areas of the image to be trans-
mitted that the produced image on the screen
136 follows all of the light shades of the
object, producing a correct image thereof.
This is sccomplished without the employ-
ment. of mechanically moving parts, except-
ing the vibrating strips of the oscillographs.
The apparatus is thus free from mechanical
roblems. _
- While the process and apparatus for pro-
ducing tolevision herein described is well
adapted for carrying out the objects of the
present invention, it is understood that va-
rious modifications and changes may be made
without departing from the invention, and

~7
=4

5

80

86

$0

5

100

110

118

128

10

paete

133



10

20

the invention includes all such modifications
and changes as come within the scope of the
following appended claims. :

" I claim: ' -

1. The method of television which includes
forming an electrical image, and traversing
each elementary area of the electrical image
by an electric shutter at a velocity sufficient
to qoger the entire image within the optical

eriod, o - X
I.J 2. The process of television which corir-
prises forming an electrical image, moving
said electrical 1mage in more than one direc-
tion by an analyzing potential, and varying
the intensity of an electric current in accord-
ance with the position of the electrical image.

3. The method of television which com-
prises focusing an image of an object upon
the sensitive plate of a phota-electric cell, im-
posing a shutter in the path of the electrical
discharge from said plate, and forming trans-
verse to the clectrical discharge two electrical
potentials of differept frequencies. '

4. An apparatus for picture dissecting
comprising a cell having a plate of photo sen-

sitive material, an anode, a plurality of plates

- positioned between the photo sensitive plate

30

25

and anode, and means for imposing upon said
plates a plurality of electrical potentials of
ditferent frequencies..

5. An apparatus for dissecting an image
comprising a cell having a photo sensitive
plate, an anode, a shutter hetween the anode
and plate, and electrical means for bending
the electrical discharge from said plate.

6. The method of television which com-

" prises forming an electrical discharge which

40

- energy to modulate a source of ]

50

corresponds in cross section in €lectrical in-

tensity to the light intensity of an image to
be transmitted, transmitting siiccessive por-
tions of said electric discharge, and modulat-
ing light thereby. F A

7. A method of television which comprises

analyzing an image into elementary areas, .
5 producing a train of energy varying accord-

ing to the intensity of light of said areas, all
of the elamentary areas being covered with-
in the optical period, causing said train of
ight of con-
stant intensity accotding to the light of said

- areas, and correlating successive portions of
" said light to reform said image, said latter

58 .

s0

operation being completed within the opti-
cal period. - Fan s R

8. A method of television which comprises
producing an electrical oscillation having a
substantially straight line wave form, utiliz-
ing said 'eIectri_caf potential to analyze an
image into elementary areas producing a
train of energy varying according to the in-
tensity of light of spid aveas; and converting
said train of emergy into light varying ac-
-cording to the light of said areas. -~ -~ .

9. A method of telévision which comprises
producing an electrical oscillation having a.

1,773,980

"ter having a small aperture,

substantially straight line wave form, utiliz-
ing said electrical potential to analyze an
image into elementary areas, producing a
train of energy varying according to the in-
tensity of light of said areas, converting said
train of energy into light varying according
to the light of said areas, and utilizing said
electric potential of substantially straight

Jine wave form to correlate successive por-
tions of said light. : 4

10. A method of television which com-
prizes producing two electrical potentials
of different frequencies, each of said electri-
cal potentials having substantially straight
line wave forms; causing said electrical po-

tentials to analyze an image into elementary

areas, producing a train of emergy varying
according to the intensity of light of said
areas, and converting said train of enmergy
into light varying according to the light of
‘said areas. -

11. A method of television which com-
prises producing two electrical potentials of

.different frequencies, each of =aid electrical

potentials having substantially straight line
wave forms, causing said electrical potentials
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to analyze an image into elementary areas, .

producing a train of energy varying accord-
ing to the intensity of light of said areas, con-
verting said train of energy into light vary-
ing according to the light of said areas, and
causing said clectrical potentials of different
frequencies to correlate successive portions of
said light to reform said image.

12. In a system of television, analyzing an
image into elementary areas by causing a
-scanning device to scan all elements of said
image successively at a substantially uniform

-velocity, over a continuous path reciprocating

transversely of the image and the reciproca-
tions having a slow motion transverse thereto.

13. A method of television which comprises
forming an electrical image, moving the im-
age. in two directions over an electrical shut-
thus forming an -
electrical current which is a funetion of the
intensity of the portion of the electrical im- _
age at said aperture. g 2 0

14. A method of television which comprises

forming an electrical image, impressing upon
image two electrical potentials of dif- -

said
ferent frequencies, thereby causing said im-
age to move in two. directions respecting an
electrical shutter and forming an electric cur-
rent from the portion of the electrical image
registered with the electrical shutter,

15. Axnapparatus for television which eom.
prises means for forming an electrical image,

165
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and means for seanning each elementary ares .

of the electrical image, and means for produc- 1

ing a train of electrical energy in accordance

-with the intensity of the elementary area of
. the electrical image being scanned. - '

16. An apparatus for television which com- -

Pprises means for f_orming an electric imuge,
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means for moving said electric image in more
than one direction by an analyzing potential,
and means for varying the intensity of an
electrical current in accordance with the po-
g sition of the electrical image. '-
17. An apparatus for television which com-
rises means for focusing an image of an ob-
jectuponthe sensitive plate of a photo-electric
cell, said photo-electric cell having an anode
10 therein to receive an electrieal discharge from
said plate, said cell having a shutter in the
path of the electrical discharge from the sen-
sitive plate, said cell having plates positioned
transverse to the electrical discharge, and
15 means for imposing upon said plates electri-
cal potentials of di%erent frequencies,

18.- An apparatus of the class described, in-
cluding an oscillator, an oscillator of higher
frequency operated by the oscillations from

20 the first oscillator, thereby producing succes-
sive trains of oscillations during the positive
cycle of oscillations of the first oscillator, a
device for accumulating and discharging said
oscillations thereby producing oscillations

25 having substantially straight lined wave
form, similar means producing an alternating
potential of straight lined wave form and
higher frequency, means for utilizing said po-
tentials to scan an image in two directions,

30 means for modulating the lower frequency
upon the higher frequency, means for produc-
ing a train of energy varying in intensity in
accordance with the area scanned, means for
modulating & carrier wave with said train of

36 energy ang said scanning potfentials, means
for receiving and detecting said train of en-
ergy and said analyzing potentials, means for
modulating the light in accordance with said
analyz_in% potentials, and means for correlat-

40 ing said light to form an image actuated by -
said potentials having straight line wave
forms. o

Signed at San Francisco, California, this
21st day of December, 1926.

© PHILO T. FARNSWORTH.
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Date claimed for Patent under Patents Act, 1901,
being date of first Foreign Apolication (in p28rd Mar., 1903
{nited States), :

Date of Application (in the Uniled Kingdom), 19th Mar., 1904
Accepted, 12th May, 1904 '

COMPLETE SPECIFICATION.

Improvements in Aeronautical Machines.

We, Opvicne Wricnr and Winsur WricHT, both of 1127 W. Third Street,

. Dayton, County of Montgomery,, State of Ohio, United States of America,

Manufaeturers, do hereby declare the nature of our invention and in whal
manner the same is to be performed, to be particularly deseribed and uscer-
tained in and by the following statementi:-—

Our invention relates to improvements in that class of aeronautical machines
in which the weight is sustained by the reactions resulting when thin surfaces,
or wings, are moved horizontally ulmost edgewise through the air at a small
angle of incidence, either by the application of mechanical power, or by the
utilization of the foree of gravity,

The objects of our invéntion are, first, to provide a structure combining light-
ness, sirength, convenience of eonstruetion, and ihe least possible edge 1esist-
ance; second, to provide meaug for maintaining ov restoring the’ equilibrium of
the apparatus; and third, fo provide eflicient means of guiding the machine
in both vertical and horizontal direetions. We obizin these objects by the
mechanism shown in ibe accompanying drawing, in which Fig. 1 is .a view 1
perspective of the machine, Fig. 2 a side elevation, and Fig. 3 a top plan view.

The superposed horizontal surfaces 1, formed by stretching cloth upon frames
of wood and wire, constitute the *“ wings,” or supporting part of the apparatus.
They are connected to each other through hinge joints by the upright stand-
ards 2 and the lateral stay wires 3, which together with the lateral spars 4
of the wing framing, form truss systems giving the whole machine great trans-
verse rigidity and strength. The hinge joints admit of both flexing and twist~
ing movements, and may be either ball and socket joints, or any joiut of sui-
ficiently looge construction to admit of the movements specified. The object of
joints having both flexing and twisting movements is to permit superposed
wing surfaces, or parts thereof, when joined together by upright standurds, to
be twisted or bent out of their normal planes™for the purpose hereafier specified.
We do. not restrict outselves to the use of any particular form of “joint, nor to
its use at any particular number of places. o '

One end of the rope 5 is attached near the rear cormer ef the upper surface,
passes dingonally downwird around the pulleys 6, and diagonally upward te

‘the corresponding corner at the apposite end of the machine. The rope §-is

attached to the froni corner of the upper surface, passes around the pulleys 7
and back to the opposite upper corner, The movable ¢radle 9 is att_acl_led to
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the rope 5 at the point where the operator’s body rests, and provides a means
of imparting movement to the ropes 5 and 8. The operator lies prone on the
lower surface, his hips resting in the cradle, and his hands graspiag the rol-
ler 10, which actuates the front rudder. The ropes 5 and 8 meintain the fore
and aft positions of the two surfaces 1 with respect to each other, and by their
movement impart a twist to the entire structure, including the wings 1, as will
be more fully described hereafter. We have shown the operating system by
means of ropes, which we.now prefer to use, but we do not rostrict ourselves to
the use of any particular method of imparting this twist fo a structure formed
in the mauner specified. ‘

The main frames of the wings 1 are formed by uniting the lateral spars 4
(Fig. 3) by means of end bows 11. The cloth for ecach wing, previous to its
attachment to the frame, is cut an the bias and made up into a single piece
approximately the size and shape of the wihg, having the threads of the cloth 12
(F1g. 3) diagomal fo the lateral spars 4 and the longitudinal ribs 13, with
which they form truss systems. A wide hem is sewed in the rear edge to
form a pocket for the insertion of the wire 14, By the combination of a frame
work with a cloth covering, each formed in the manner described, we secure a
surface of very great strength to withstand lateral and longitudinal strains, but
capable of some twisting movement. . b

‘When thé two surfaces 1 are joined together by the wire stays 3, the ropes 5
and 8, and the upright standards 2, as already deseribed, a system is formed
capable of sustaining great weight without distortion. But when the cradle 9
is moved to right or left by the operator, the motion is communicated throngh
the ropes 5 an% 8 and the upright standards 2 in such a muanner that the wing
surfaces arc twisted, the rear edge of the wing tips being drawn downward at

10
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one end of the machine and drawn upward at” the other; thus presenting .the .

left set of wing tips to the wind at a greater or a less ungle than the right.
When in flight, the end having the greater angle will necessarily rise and the
other end will sink, so that the lateral balance of the machine is under confrol
through twisting movements of the wing tips by the operator, by means of the
cradle 9.

The struts 15, together with the struts 16 (Fig. 2) in combination with the
main frame, form trussed skids which prevent the machine from rolling over
forward when it lands, and also relieves the jerk on the rope 8. They are alse
utilized as a part of the front rudder steering gystem.

The flexible front rudder 17 consists of the stiff cross sticks 18, 19, 20 and
the thin ribs 21, over which is stretched a cloth covering. The rudder is
mounted upoeh the struts 15 by attachment to the cross stick 18, which is located
near the centre of préssure, s0 as to form a balanced rudder. The up and down
motion of the front edge of the rudder is in part restrained by the springs 23.
The rear edge is raised and lowered by means of the axles 10, 22, the bands 24
and the arms 25 and 26, or by any other suitable means. The restraining action
of the springs 23 causes the ribs 21 to bend when the rear edge is raised or
lowered, thus presenting a concave surface to the action of the wind, and very
greatly increasing its power as compared with a plane of equal area. By regu-
lating the pressure on the upper and lower sides of the rudder, through changes
of angle and curvature, a turning movemeni is communicated to the main
structure and the course of the machine is directed upward or downward at
the will of the operator, und the longitudinal balance maintained. .

Contrary to the usual custom, we place the horizontal rudder in front of the
main surfaces or “‘wings” at a negative angle, and use no horizontal tail at
all. By this arrangement we obtain a forward surface which is almost free
from pressure under ordinary conditions of flight, but which, even if not moved
at all. becomes an efficient lifting surface whenever the speed of the machiné
is gecidentally reduced very much below the normal, and thus largely counter-
acts that backward truvel of the centre of pressure on the main surfaces or
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Wiﬂ.‘%ii which has frequently been productive of serious injuries by causing the
_machine to furn downward and strike the ground head on. We are aware that
a forward horizontal rudder of different construction has been used in com-
bination with a supporting surface and a rear horizontal rudder, but this com-
bination was not intended to effect and did not effect the object which we ob-
tain by the arrangement of surfaces here described.

The vertical tail or rudder 27 is attuched through universal joints to the
two pairs of etruts 28, which lie in parallel horizontal plapes, and are con-
nected to the rear edges of the main surfaces 1 by hinged joints. This com~
bination secures the tail rigidly in a vertical position, but enables it {o turn on
a vertical axis, and also to vise bodily iu case it strikes the ground, and thus
escapes breakage, The cords 28 are tiller ropes which conneet the rudder
wheol 30 to the rope 8, which in conjunction with the rope 5 imparts the
twisting motion to the wing tips as heretofore described. By this method of
attachment the same motion of the ropes 8 and 5 which actuates the wing tips
also presents to the wind that side of the vertical rear rudder which is toward
the tip having the smaller angle of incidence. The wing tip presented to the
wind at the greater angle, under the usual conditions of flight, has both greater
1ift and greater drift, or vesistunce, than the other. The wing with the greater
angle therefore, tends to rise and drop behind, while the other sinke and moves
ahead. Under these circumstances the longitudinal axis of the machine tends
to turn toward thé wing having the greater aungle, while the general course
of the machine through the air tends toward that wing which is the lowest
with the result thut a wide divergence soon arises between the direction which
the mauchine faces and its actual direction of travel. Dy the use of a rear
movable vertical rudder, so operated as to present to the wind that side which
18 toward the wing having the least angle, we obtain a turning force opposite
to and greater than that arising from the difference in the resistance of the
-two wings, and thus are able to keep the longitudinal axis of the machine
approximately in coincidence with the line of flight. We do not confine our-
selves to the particular construction and attachment of the rear rudder herein-
before described, nor to this particular constriction of surfaces or wings, bui
may employ this combination in the use of any movable “vertical rear rudder
operated in coujunction with any wings capable of being presented to the
wind at respectively differing angles at. their opposite tips for the purpose of
vestoring the lateral balance of a flying machine and guiding the machine to
vight or left, = | Yy ' :

We are aws¥e that prior to our invention flying machines have been con-
strurted having superposed wings in combination with horizontal and vertical
rudders; we thoerefore do not claim such combination broadly.

Having now particularly described and ascertainod the nature of our said
.invention and in what manner the same i3 to be performed, we declare that
what we elaim is:

1. In a flying machine, the combination of superposed surfaces or * wings”,
with upright connecting standards one or more of which has its attachment
by means of hinges or flexible joints, substantially as described and for the
purpose specified.

2. In a flying machine, the combination of superposed surfaces or wings
with upright connecting standards attached through flexible joints, and laiorally
extending stay wires, substantially 2s described.

3. In a flying machine, the combination of one or more supporting surfaces
or wings with a device for imparting a twist ta the said surfaces or wings for
the purpose stated.

4. In 2 fiying machine, the combination of superposed wings, upright standards
attuched by flexible joints, and laterally extending stay wires, with a device
for lmparting a twisting to the wings for the purpose specifiod.
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5. In a flying machine, the combination of superposed wings, upright standards
attached by means of flexible joints, and laterally extending stay wires, with
actuating ropes attached aund operated substaniially as descz‘ibed}.’

6. In a flying machine, the combination of wings having their right and left
tips capable of being sdjusted so as to be presented to the wind at respectively
duffering angles, with a vertical adjustable rvear rudder operating in conjunction
therewith in the manner and for the purpose specified.

. 7. In s flying machine having wings capable of being twisted by actuating
ropes, the combination therewith of a movable vertical rear yudder having
. tiller cords attached to said actuating ropes, substantially as described.

8. In a flying machine, the combination of superposed surfaces with a vertical
rear rudder, and hinged convecting arms in parallel planes substantially as
described. :

9. In a flying machine having surfaces or- wings composed of a cloth covered
frame, the combination of laterally extending spurs and longitudinal ribs, with

10

a covering having the threads of the cloth diagonal.to the main lines of the

framing, substantially as set forth.
10. Tn a flying machine the combination of superposed surfaces with for-
awvardly extcn({ing struts arranged in the manner and for the purpose specified.

11. In a fiying machine, the combimation of supporting wings with o smaller

inert surface which becomes a supporting surface when fhe speed of the machine
is greatly diminished, substantially as described and for the purpose specified.

12. In a flying machine, the combination of supporting wings and a horizontal
rudder, having stiff lateral sticks, thin longitudinal ribs, and cloth covering,
and a deviee for imparting a slicht curvature to the rudder in the manner
and for the purpose specified.

13. In a flying machine, the combination of supporting wings with a flexible
horizontal rudder and a device for simultanéously regulating the angle of the

rudder with the wind and imparting to it a slight curvature, substantially -

as described and for the purgose specified.

. 14. In a flying machine, the combination of superposed surfaces capable of
being twisted with a forward horizontal rudder and an adjustable vertieal rear
rudder, substantially as described and for the purposes specified.

Dated this 19th day of March 1904.

HERBERT HADDAN & Co.,
Agents to Applicants. ’
18 Buckingham Street. Strand, W.C. London.

Redhill: Printed for His Majesty’s Stationery Offive, by Love & Malcomson, Ltd.~1904.
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DESIGN.

A. BARTHOLDI.
Statue.
No. 11,023. Patented Feb, 18, 1879,

Copprtaht by Wannr ot Borvvur Wl drepst Bairiecsi, dag-, WL

LIBERTY ENLIGHTENING THE WORLD,



UNITED STATES PATENT OFFICE.

AUGUSTE BARTHOLDI, OF PARIS, FRANCE.

DESIGN FOR A STATUE.

Specification forming part of Design No. 11,028, dated February 18, 1879; application filed January 2, 1879.
[Term of patent 14 years.]

To all whom it may concern:

Be it known that I, AUGUSTE BARTHOLDI,
of Paris, in the Republic of France, have origi-
nated and produced a Design of a Monu-
mental Statue, representing “Liberty enlight-
ening the world,” being intended as a com-
menorative monument of the independence of
the United States; and I hereby declare the
following to be a full, clear, and exact descrip-
tion of the same, reference being had to the
accompanying illustration, which I submit as
part of this specification.

The statue is that of a female figure stand-
ing erect upon a pedestal or block, the body
being thrown slightly over to the left, so as
to gravitate upon the left leg, the whole figure
being thus in equilibrium, and symmetrically
arranged with respect to a perpendicular line
or axis passing through the head and left foot.
The right leg, with its lower limb thrown back,
is bent, resting upon the bent toe, thus giving
grace to the general attitude of the figure.
The body is clothed in the classical drapery,
being a stola, or mantle gathered in upon the
left shoulder and thrown over the skirt or
tunic or under-garment, which drops in vo-
luminous folds upon the feet. The right arm
is thrown up and stretched out, with a flam-
boyant torch grasped in the hand. The flame
of the torch is thus held high up above the
figure. The arm is nude; the drapery of the

sleeve is dropping down upon the shoulder in |

voluminous folds. In the left arm, which is
falling against the body, is held a tablet, upon
which is inscribed “4th July, 1776.” This tab-

let is made to rest against the side of the body,
above the hip, and s0 as to occupy an inclined
position with relation thereto, exhibiting the
inscription. The left hand clasps the tablet
80 as to bring the four fingers onto the face
thereof. The head, with its classical, yet se-
vere and calm, features, is surmounted by a
crown or diadem, from which radiate diverg-
ingly seven rays, tapering from the crown,
and representing a halo. The feet are bare
and sandal-strapped.

This design may be carried out in any man-
ner known to the giyptic art in the form of a
statue or statuetie, or in alto-relievo or bass-
relief, in metal, stone, terra—cotta, plaster-of-
paris, or other plastic compesition, It may
also be carried out pictorially in print from
engravings on metal, wood, or sione, or by
photographing or otherwise.

What I claim as my invention is—

The herein-described design of a statue rep-
resenting Liberty enlightening the world, the
same consisting, essentially, of the draped
female figure, with one arm upraised, bearing
a torch, while the other holds an inscribed
tablet, and having upon the head a diadem,
substantially as set forth.

In testimony whereof 1 have signed this
specification in the presence of two subserib-
ing witnesses.

A. BARTHOLDIL

Witnesses:

C. TERINIER,
COTTIN.
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. UNrTep STATES PATENT OFFICE.

©  THEOMAS A. EDISON, OF MENLO PARK, NEW JHESEY

- ELECTRIC LAMP.

- SPBCIFICATION forsding

port of Letters Feiant Wo. 233,290, dnted Jenesry 57, 1508,
. Apslisstion $)ed Mevemanr , 149, : '

To all whom i may concern:.

Bait known that I, TIcuAS ALYA RbmoN,
of Menlo Park, in the State of Kew Jersey,
United Biates of . Americs, have invented an

g Improvement in Flectnie Lampa, and in the
method of mannfacturing the sams, {Case No.

188,) of which the following ia & specification. -

The objoct of this invention is to produce
electric lampa giving lirht by incsadescence,
10 which lampe shall have high resistance, a6 an
to silow of the practical subdiviaion of the
- electric Hght.
The invention consists in a light-giving body
. of earhon wire or ahests ooiled or arranged in
ts sach » mauner as to offer grest resistance to
the passags of tha eloctrie crrrent, and at the
same time present but a slight sarface from
- - which radiation can-take place.
;o Th%invenuon furthex consists inm placing
-30 such burner of great resistance in a nearly.
fm’fea vacuom, to prevent oxidation and in-
ary.to the conductor by the atmosphere. Tbe
- enrrent is condncted into the vacunam-balb
- through platins wires sealed into the ginme.
2§ Theluvention forther consistsin the method

dimemsions and good econduciors, and a glans
globe eaansot be kept tight at the pisos where
the wires pass in aud are coemented; hence the g5
curbon is consumed, becanse there must be al-
most 8 perfect yacuom to render the oarbon
stable, sspecially when such carbon isamall in
mans a0d bigh iu electricnl resistance.

The nse of & gus in the recsiver at the at- 6o
wmospbaric pressure, although not attacking
the carbon, serveato destrcy it in tims by “ air-
washipg,'’ or the sttrition produced by the
rapid of  the air over the alightly-co-
herent highly-heated anrface of the carbon. 1 6§
‘have reversed this practice. I bave discovered
that evon a cotton thread properly carbonizerd
and placed ina sesled glass buib exhausted to
one-mitlionth of sn atmosphere affers [rom one
bundred to five hundred ohms resistanoe to tbe 70
pasrage of the current, and that it issbsolutely
stable at very high temperatures; that if the
thread be coiled as & spiral and carbonized,
or if any fibrons vegetable snbstance which
wilt lenve a carbon residns after heating in & 7§
clesed chamber be 8o coiled, aa much s two
thousand ohms resistance may be obtained

of munufactaritg carbon conductors of high . without presenting s radiating-sarfaoe greater

yesistanue, 80 85 to be paitable for giving light | then three-sixteenthn of an inch; that if such
: i fibrous material be rubbed with & plastic com-

by incandescence, and in the manner of secur-

ing perfect contact between the metailic eop- ; posed of lamp - black snd tar, its resistance
. may be mede high or low, sccording to the

30 daclors or lending-wires and the carbon coo-
c. dactors

 Heretofcre light by incandescence has been

. obtained from roda of carbon of one to fonr

. Ohims resistance, pisced in closed vessels, in

33 which the atmospheric air has been rentaced |
B | until it assomes the consistency of thick put-

aguu that do not combine chemicaily with
& carbon. The vessel holding the burner
. han been compoeod of glass cemented to & me-
fallic bese. The connnction batween the jead-

40 g wires2nd the cardan has Sorn obininsd Y
clamping the carbon to tha mmetal.  Tha lesd-

. lng-wires havealwayz been large, 8o that their
 resislance shall bs many times less than the

v burner, and, iu gepers), the attompts of pre-
.43 7iouspersona have bven to reduos the resistsnce

. ofthecarbonrod. Thedisadvantagesof foilow-
fog this practics are, that a lamp having bos

. - 0uets four ohrus resistanoe cannot be worked ia
.. Ereat pambers in moltiplearc without the em-

* . 8¢ ployment of main conductors of anormous di-

ong; that, owing to the low resistance of

the Iswp, the leading-wires must be of large

amount of lamp-black placed npon it; thatcar-
bon filaments mav ba made by s combicaticn
of tar and lamp-black, the latter being pre-
viously ignited in a closed cracible for several
hoirs aud afterward moistened and koeaded

ty. Small pieces of this material msy be
:zllad out in the form of wire as small uuve:
one-thousandths of a iock in dismeter an
aver.s foot in length, and the same MAY be
to2ed with 8 von-coudactiog no_n-arbonlziu_g
sabiisnce and wournd on & bobbin, or &8 8 spi-
ral, and the tnr carbonmzed in ® closed chpmi
ber by subjecting it to h'lgh’hut., the spirs
after carbonization rctainiog its form. o B
A1l thess forms are fragile sod cannol 2
clamped to tbe leading wires with lnﬁ:::w
force to insure good contact and prgnnt .
ing. 1havediscovered that if pmmm: rt::
are used and the plastic la;np«blnck au' f
rasterisl be wolded aouod it in the sok of CAr

bonixetion there in an intimate nnion by com-
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material be molded nronnd it in the act of car-
bonization there is an intimate union by com-
bination and by preasure between the carbon
ang platina, and nearly perfect contact is ob-
tained without tho neceasity of clamps; hence
the burner and the leading-wires are connect-
ed to the carbon remly to be placed in the vac-
num-bulb. " ‘

When fibrous material is used the plastic
Iamp-black and tarare used to secure it to the
platina before carbonizing. .

By using the carbon wire of auch high re-
sistance 1 am enabled to use fine platinom
wiren for leadding-wires, as they will have a
smalt resistunce compared to the buruer, and
henee swill mot hent and eruck the sealed vac-
umn-balb. Platine can only be uxed, as its
oxpansion is nearly the sume as that of gines,

By using a cuneitlerable length of carbon
wire and coiling it the exterior, which is only
a smail portion of its entire surface, will forin
the principal radiating - surface; hencs I am
able to raise the gpecitic heat of the whole of
the carbon, sl thus prevent the rapid recep-
tion and disappearance of the light, which on
a plain wire is prejudicial, as it shows the
least ensteadiness of the current by the flick-
ering of the light; Lut if the carrent is steady
the defect does not rhow.

1 have earbonized aml used cotton and linen
thread, wood splints, papers coiled in various
ways, ilao lamp-black, plambago, and carbon
in varions forms, inixeil with tar and kineaded

" so that the same may be rolled out into wires

35
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of various lengths ant diameters. Each wire,
however, is to be uniform iu size throughout.

If the carbon thread is liable to be distorted
during carbonization it is to be coiled betwoon
& helix of copper wire. The ends of the car-
bon or fllament are secured to the platins
leading-wires by plastic carbonizable material,
and the whole placed in the carboniziug-cham-
ber. ‘The copper, which Las served to prevent
distortion of the carbon threai, is afterward
eaten away by nitric acid,and the spiral soaked
in water; and theu dried and pluced on the
glasa holler, and a glass bulb blown over the
whole, with a leading-tabe for exbiaustion by
& Wmercury-pump. is tabe, when a high

vacanm has been reached, is hermetically so
soaled.

With subatances which are not greatly dis-
torted in carbonizing, they may be coated with
a non-conducting non-carbonizable substanoce,
which allows one coil or tary of the carbon {o
rest npon and be supportad by the other.

In the drawings, Figure 1 shews the larap
sectionally, « is the oarbon spiral or thread.
¢ ¢ are the thickened ends of the apiral, formed
of the plaatic compound of lamp-black and tar.
d & are the plating wirea. & A are the clamps,
which serve to conuect the platins w ce-
mentedd in the carbon, with the leading-wires
z x, sealed in the glass vacanm-bulb. ¢ e are
copper wires, connected jast outside the balb
to the wires  r. m is the tube (shown by
dotted lines) leading to the vacamm-pemp,
which, after exhaustion, is hermetically sealed
and the surplas removed.

Fig. 2 represents the plastio inaterial before
beiug wound into a spiral.

Fig. 3 shows the apiral after carbonization,
ready to have s bulb blown over it.

I claim as my invention—

1. An electric lamp for giving light by in- 7¢
candescunce, consisting of a filament of carbon
of high resjstasnce, nade as described, aud se-
cared to metallic wires, as set forth.

2. The combination of carbon filaments with
a receiver inade entirely of glass and vonduct-
ors passing throagh the glass, and from which
receiver the air is exbausted, for the purposes
set forth.

3. A carbon filament or strip ooiled aud
connected to electric couductors so that only 85
a portion of the surfuce of such carbon con-
ductors shall be exposl for radiating light,
as set forth. g

4. The method herein described of securing
the platina contaot-wires to the oarbon fila-
ment and carbonizing of the whole in a closed
chamnber, substautially as set forth.

Sigued by me this st day of November,

A. D. 1878,
THOMAS A. EDISON.
Witnesses:

8. L. GeIFrIN,
- JouN K. RANDOLPH.
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Order of Casceliation of Certificate of Correction of Letters Patent No. 223,898,

Correction in Letters Patent No. 223,898,

It s found that the fllewing sertificats has beos attaoked to Letters Patont graated
to Thomas A. Bdison for improvement in “ Elootric Lempa,® No, 333,508, duted Jaauary
27, 1860:

DEPARTMBNT OF TRE INTERIOR,
URITED STATES PATRRT OFFIOR, ‘
WAzHINGTOK, D, O., December 18, 1888,

Ia complisuce with the requsat of the party in intorast Letters Patent No, 323,808,
graated Jonuary 27, 1880, to Thomss A. Edisc of Menic Park, New Jersoy, for an
improvement in “ Electrlo Lamps,” is hereby lim ted &5 e 80 expire at the same time
with the patent of tha following-named, having the shortest tims to run, vis.: Britlak

atent, dxted November 10, 1879, No. 4,578; Oausdian patent, dated November 17, 1879
0.10,854; Balgisa patant, dated November 3¢, 1878, No. 49,8843 Iealian patant, dated
December 8, 1879, and French patent, dated Janusry 20, 1680, No, 133,758.
.. It is boreby sertiled that tha proper entzies and cotrections have been made in the
files and records of the Patent Office. :

This amendment ts mads that the United States patent may conforin to tus provis-

ions of section 4887 of the Revised Statutes.

[smaAL.| BENJ. BUTTRRWORTH,
Commissionsr of Patonts
Approved :
¥, L. JOSLYR, g :
Acting Seovctgry of ths Inmderior. -

Now, in complinncs with the request of tho purties in fnterest, sald certifioate is
hereby canoeled snd proper entries and oorrections haye been made in the files and
records of the Patent Offoa.

In testimony whereof I have hersanto set my hand and onused the seal of the Putent
Office to be afixed, this 156h day of Mareh, 1803,

W. E. BIMONDS,
Commisrionsr of Patents.
Approved : :
PN BUSARY,
Assistant Secrstary of ihe Imterior.

DRPARTMENT OF THR INTERIOR,
UNITRD STATER PATENT OFPICE,
WaaminaTon, D. 0., Des:uber 18, 1883

In oonylhm with the requont of ths in intarest, Lettors Ko. 233,808,
ted Japuary 37, 1580, to Thomss A. n, of Menlo Hew Jormay, for an
mprovement in ¢ Rleotrio-Lampe,” Iz horeby limlted 30 a8 to »t the same ime
with the patant of the bllowi‘r;’ baving the shortest time to run, vis: British
Patent dated Novamber 10, 1879, No. §6 3; Canadise Patont dated November 17,1879
No. 10,054; Bolgian Pateot dated November 30, 1879, No. ug Halian
detad Deoauiber 0. 1870; aird Frezch Patent dated Jaunuary 30, 1830, No. 153,756;
It s hereby ocertided that the proper sntries snd corrections Liave beea made in the
Ales and rocords of the Prioat Offce. : :
This anendment is mode that the Uuite] States 1'ateot may conform to the provis.

irnn of Beotion £827 of the Bevised Ststules. ;
y . BENJ. BUTTRRWORTH,

Commissionsr of Putents.
Approved: ,
M. L JOSLYN,
Aciiag Seerclery of the Intorior,
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UNI'I‘ED- l STA’I_‘.ES |

;'PATENT-__ '-_OFFICE.

EMILE BERLINEB, OF WASHIN'GTOIQ DIS'I_‘BIC'I‘ OF COLUMBIA.

GRAMOPHONE

BPBCIPIOATION‘ fomlnt ptl't of Inettem Patent No.372,786, datad November 8, 186'7

Orlzinlhppllcauon Aled ll‘ay 4, 1387, Serhuxo. 231 oto. mﬁdod and thh appllathn filed Septemberie li&' Serial I\o 250 121.
) ’ (No mo&cm : .

T iz vohons i may concerns

Be it known that I, EMIL R BERLINER, a citi-

- zen ‘of the United: Statea, residing at Wash-

I2

" spoken words, aud' is desigiied to overcome.

‘15’
_ attempted to cause a stylus attached to a vi--

ington, in the District of Columbia; have in-
vented certain pew and usefal Impmvcments

in Gra.mophones, of whlch the following is a.

specification.

This invention has. reference to a mnovel
method of ‘and apparatus for recording and
reproducing all kinds of sounds, including

the defects inherent inm .that art as now prac-
ticed and in the apparatus used thevefor. °

‘By the ordinary method of redordingspoken

words or_other sounds for reproduction it is

- bratory diaphragm to indenta traveling sheet
“of tin-foil or other like substance to a depth

varying in accordance with the amplitudes of
the sound-wavesto be recorded. This attempt
is necessarily more or less ineffective, for the

reason that the force of a diaphragm vibrat-
iag under the lmpac'!; of sonnd-waves is very

. .weak, and. that in the act of evercoming the

25

30

resistance of the tin-foil or other materiat the
vibrations of the diaphragm are notonly weak-
ened, but are also modified. Thus while the
record contains ag many undulations as the
sounds which produce it, and in the same or-

.der of snccession, the character of the recorded

- undnlatiponsis. more orless different from those
*_of ‘the'sounds uttered against the diaphragm.

35

There is, then, a true record of the pitch, but
4 distorted record of the quality of thesonnds
obtained. - The simple statement that the ma-

ferial upon which the record is made resists

"-the movement of the diaphragm is not suffi-

40

cient to explain theilistortion of thecharacter
of the nndulations, for if ‘that resistance were
uniform, or even proportional to the displace-
ment of thestylus, the record would be simply
weakened, but not distorted; but it is a fact
tliat the remstfmce of any material to indenta-

. tion inereases fasterthan the depth of indenta-

45
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tion, 8o that a vibration of greater amplitwde

of the stylus mects withia disproportionately -
greater resistance than a vibration of-amaller'

amplitude. For this reason loud séunds are
even less aceurately recorded thanfaintsounds,
and the individual voiceof a loud speaker re-
corded and then reproduced. by the: phono-
graph can not be recngmzed Wlth a mew ‘of

-are still present.

overeoming this defeet gt has been attempted -

t0 engrave instead of indent a record of the
vibrations of the diaphragm by empioymg\ a

stylns shaped aud operating like a chisel upon

a suitably-prepared surface; but even in this

55

case the disturbing causes above referred ‘to -

apparatug of the phonograph or graphoplione

Ir additiontothis, if inthe -

6o

type it is attempted fo avoid the distarbing -

influence of the increase of resistance of the
record-sorface with the depth.of indentation
or cut as much as possible by primarily ad-
justiog - the. stylus so as to touch the record-

65

surface only lightly, ther- another disturbing

influence-is brought into existence by the fact
thatwithsuchadjustment, when thediaphragm
moves outwardly, the stylus will leave the

' record-surface entirely, so that part of each

vibration will not be recorded at all. ‘Thisis
more parbicularly the case ‘when Jond sounds
are recorded, and it manifests itself in the re-
production, which then yields qulbe umnbel-
ligible sounds.

1t is the object of my invention to overcome
these difficulties by recording spoken words
or other gounds without perceptible friction
between the recording-surfuce and the record-
ing-stylus, and by maintaiving the anavoid-
able friction Gpiform for all vibratious of the
diaphragm. Therecord thusobtained, almost
fnetnonless, I copy in a solid. resisting mate:

rial by any of the methods bhereinafter de-

seribed, and I employ such copy of the origi-

7¢

.15

80
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nal record for the reprod uction of the recorded :

gounds,

Instead of moving the rccordlng stylus at

right angles to and against the record- mrface,

I causo the same to move under the in ﬁuence
of eound-waves parallel with antd barely in con-

tact with such surface, which latter is covered

with alayer of any material that offers 2 mini-

mum resistance to the action ol a styins oper- -

ating to displace the same, all substantially in

95

the manner of the well-known phonautograph. .

by Leon Scott. All this will more fully ap-
pear from the following detuiled description,
in which reference is made to the accompany-
ing drawings, which illustiate one of the nu-
merons forms which my improved ‘apparatus
may assume, and in which— |

Figurg Lis a perspectwe view of my record-
ipg and reprodncing apparatus; Fig. 2, a like

I00
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view of the recording and reproducing dia-
. phragm with its stylus; Fig. 8, a similar view

of a portion of the support for the record-sur-

- face; Fig. 4, the.same view with the record-
5 surface applied; Fig. b, a plan view of a pho-
nautographic record; Fig. 6, a perspective of

a phonautographie record copied in solid re-

. gisting material; and Hig. 7, the eopied record

. monnted, ready for application to the support.
‘10 The general arrangement of the partsis best
" illustrated in Fig. 1, in which a T-shaped base-
' %Iate, A, igshown, upon which two standards,

I, serving as journal-bearings for the shaft -

of drum @, are mounted. The drum G may
‘15 ‘be constructed with flanges.¢ ¢/, which project
beyond the cylinder-surface f, and from the
edges of a gap, B, left upon the cylinder-sar-
face extend the side walls of box K, asshown.
A thin layer of felt or other yielding elastic
substance is placed upon the eylinder-surface
and is bent over the edges of the gap and ge-
- cared to the side walls of the bex K. This
layer of elastic. material is designed to serve
~ ag the support for the record-surface ‘both in
25 recording and reproducing. - ;
"~ Xorrecording I employ & thinstrip of paper,
-parchment, metal, or any other suitable sab-
stanee, which is secured at both ends to barse

- 20

d, in the manner shown in Fig. 7, with refer- |

ence to a copy ‘of a record, and is then placed
upon the elastic support f/, with the bars e @
entering into but projeeting at both ends be-
yond the box K, as iliustrated in Figs. 1 and
4, with reference to an engraved copy of a rec-
ord. Bolts g, passing through the projecting
ends of bars ¢ d, are employed to draw the
record-strip tightly abent the drum, and the
length-of the strip is sach that the ends of the
same¢ meeb as nearly as-practicable apon a
straight line, z. The record-sheetisthenpre-
pared to receive the record by covering itssar-
face with a thin layer of any sebstance which
is easily removed by the action of the record-
ing-stylus. I may nse lamp -black, which is
deposited by placing a smoky flame nnder the
record-strip and by slowly turpiug the drum
unfil all parts of thestrip are covered with'the
deposit. It is well known thatalayer of lamp-

30
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black thus deposited, while it adheres well to .

so the surface of a solid body, is nevertheless

. easily removed from thesame. Itrequires only

an exceedingly small force to draw a plainly-

visible line upon such sarface, owing to the

fact that the spicules of carbon of which lamp-

55 black is composed are ouly loosely superim-

posed npon each other, and are exceedingly

light, All this baslong since been recognized

and utilized in the production of phonanto-

graphie records, and I take advantage of these

6o facts in my improved method of recording and
reproducing sounds. - E

The'diaphragm  is mounted in a frame, =,

with its plane at right angles to the axis of

drum G. A post, O, is fixed to the center of

65 the diaphragm, and a slot in said post receives

one end of stylus 8, which is. pivoted in the

beyond the frame; with its free end barely in

contact with the record:surface, and is also piv:-
otally supported in a slotin a pos, p, Secured.

| pésb by a pin, &. The stylosextendsover and

70

to the frame by means of a pin, «, as shown in .

Figs. Land 2. It wiil now be seen that the
stylus is in effect a lever having its fulerumin
the pin %, and that its free end can only move
in lides practically parallel to the record-sur-
face: * If it is-now desired to produce a record

75

‘of sounds the drum is slowly and vriformly - '

rotated by means of erank I, or by any other

suitable means, and sounds. are uttered or di-.

rected against the diaphragm. TUnder thein-
pact of the sound-waves the diaphragm is set
into vibrations, whereby the free end of the
stylus is also caused to vibrateto the rightand

8o

left of its normal position, removing at the

same time an undulating line, 7, of lamp-black
exaggerated, in Fig: b. - Since in this opéra-

of loosely-heaped carbon spicules and barely
touchés the record-surface, it is clear that the
slight friction at the free end of the stylus will
be uniform, whatever be the amplitude of vi-
bration. Consequéntly the vibrations of the
diaphragm will not be modified or changed by
the reaction opon the same of a sensible and
varying resistance, as is the case in all other
mechanical sonnd-recorders.

Having thuos obtained an accurate phonau-

.tographie record, the same may be fixed by

applying a thin solution of varnish of any

kind which dries very rapidly and which does

not obliterate or change the record. ~ =
If in this process the deposit of lamp-black

-tipn the stylus only penetrates a uniform Iayer .-
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be made thick enough, the line drawn by the '

stylus would represent a groove of even depth,
preserving all the characteristics of thesounds

which produced it and which may be handled

aud touched with impanity. The latter is°

‘then removed from the drum and may bepre-

served any length of time without danger of
itg being disfigured.. This record I thei copy
in solid resisting material, preferably metal,
either by the purely mechanieal process.of en-
graving, or by chemieal deposition, or by
photo -engraving. I prefer the lasi- pamed
process, which enables me to produce the mosb

‘accurate copy of the original record in copper,

niekel, or any other metal withont in any way

or manner affecting the original récord. The

copy thus obtained, which may be multiplied
to any desired extent, is a grooved wave-line
apon a strip or sheet of copper ot other metal,
ag.shown in Figs, 1, 4, 6,and 7, and for the
reproduction of the recorded soundsit has the

‘advantiage aver ‘the ordinary records in tin-

foil, wax, &e.,-that it is not sensibly attacked

105
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by the reproducing-stylas, and will stand an

indefinite namber of reprodoctions without
the slightest variation in the accuraecy and
loudness of the reproduced sounds.

The eopied record is fixed at both ends to

the bars ¢ d, as shown in Fig. 7,and is placed

130

g5
from the record-surface, as indicated, greatly = -
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. upon the etzstic support £* upon the drunvin
the same manner a8 has ‘been described with

.Teference to the original record-strip, and as

. I8 illdstrated in Figs. 1 and 4. Care must be
‘5 baken that the two ends of the undulatory
groave.y méeb exactly, as will be réadily un-
dersiood. - This condition of the apparatus is
shown in Fig. 1 with the engraven record
upen the deum and the free end of the stylus
o’

drum'is rotated with uniform speed, the end

of the stylus will be forced ‘to-follow ‘the,un--
- dulations of the groovey, and-the diapliragm |

. will bo vibrated positively in both directions
t5 in striet aceordance therewith, and will there-
- fore reproduce the exact sonnds which origi-’

naily produced the record. . This peculiarity

. of positive vibratory movement in both diree- -

tions of the diaphragm i8 a feature which also
-20 distinguishes my method and My apparatus
"+ from, others heretofore used. -
Jno the phonograph Y

and graphophcne the
-end of the reproducing - stylus which.bears
.~ upon the indented or engraved record has s
25 vertical: upward and downward movement.
" 1t is forced upwardly in a positive mauner b
© riding over the elevated portion of the recori
‘but its downward movement is effected solely
- by the elastic force-of the diaphragm, which
30 latter is-always undér tension. In my im-
-provedapparatusthe stylustravelsin a groove
“of even depth and is moved positively in both
- -directions. . It dges not dépend uzpon the elas-
 ticity of the diaphragm for its. movement in
35 oné direction. ‘This I cousider to be an ad-
" “vaniage,since by this method the whole move-
ment of the diaphragm is positively controlled
By the record, and is not affected or modified
. . by the physical conditions of the diaphragm,
4o which ¢conditions necessarily’ vary from time
to time and constitute some of -the causes of
imperfect re roduction of recorded sounds, -
In practiv
- producing seunds I dm not limited to the nse
of the identical apparatus herein shown and
- deseribed. . . This apparatus may be varied in-
_ definitely without serionsly im pairing its ntil-
ity for the porposes in view. Thus it s not
absolutely necessary that a diaphragm shonld

45

. 50 be used for: receiving the inipact of sound-.

‘waves in recordiog and for remitting sounds
iin reprodacing. - Anysonorous body of what-
ever shape and: material may be used in liea

~ " of:a diaphragm- proper. The recording-sur-
55 face need xot be mounted upon a dram, but
- inpybésupported in anysuitable mauner upon
“&'pupport of auy description which is adapted
-t6 move the same under the stylus evénly.and

. with approximately aniform speed.- Nor do | ..

entering the undulatory groove. If, now, the |

-changed without departing

-line of even depth in a traveling layer of non-

8Sovud-vibrations, then producing the.record °

ng iny method of recording and

- original record, substantially as deseribed.

I confine wmyself to the nse of lamp-black as a 60
snbstratum for the phooautographic record,
although I have found this substance to yield
excellent results. -Any othersubstance which
adheres well to the support and may at the
same time be removed from the same with a 65
minimum force may be employed. By
While I have found the process of photo-
engraving to yield admirable copies of the
phonautographic record, Ido netmean to con-
fine mysell to this process to the exelusion of 70

-other processes for copying and maltiplying -

the original record in solid resisting material;
and it will be readily understood that the de-
tails of construction of wy apparatns and the
manipulations of the same may be greatly 75 -
from the funda-- :
mental idea of my invention. = |

I do not herein claim the apparatus shown
and described, either gepericaily or specifie-

ally,asa whole or in part, since the same forms 8o

‘the subject of another application for patent

previously filed by me and of ‘which this is a

-division.

-What I do ¢laim, and desire to-secure by
Letters Patent, is— s 85

1. The method or proeess of recording and
reproducing spoken words and other sounds, .
which consists in first drawipg an undulatory -

resisting material by and in accordance with .

thus obtained in solid resisting waterial, and -
finally imparting vibrations to a sonarous body
by and in accordance with the resisting rec-
ord, substantially as described. -

2. The method or process of. reproducing

sounds recorded pheonautograplically, which

98

.consists in copying the phonautographic rec-

ord in solid resisting. material, and then im-
parting vibrations to a sonorous body by and
in acecordance with ‘the copy of the orignal ret-
ord, substantially as described. 5

3. The method or process of reproducing
sounds recorded phonauntographically, which
consists in copying the phonauvtographic rec-
ord in solid resisting material by the process
of photo-engraving, and then imparting posi-
tive to-and-fro movements to 2 soncrousbody
by and in accordance with the copy of the

100

105 -

A10 ‘
Intestimony whereof I havesigned myname -

-to this specification in the presenceof $wo sub-

geribing witnesses. . s
o EMILE BERLINER_,
Witnesses:

JULTUS SOLGER,

Jacox G. Comex.



Feh. 11,1841. ©~ = &k ForD 2,231,710

TRACTOR
Filed Feb. 23, 1939 2 Sheets-Shest 1
7 29
26 ‘ ! ‘
25. é 28
/7
ey i-
20 16 =\
& i 10 @)
i : E
3/ II'|I /4
o2
23
. 29
FIG. 1
26
_ g/
-5 g
- | .
zo
/6 | /.5
ga . _— | — E _ J— —
-IE 1
S Lol
' i 7
2a 74
F1G. 5
INVENTOR
74-1-&\
T AEss : BY £ Nans

m‘%—* o | ' ' (ﬁ‘roam-:?




Feb, 11, 1941. . H. FORD 2,231,710
' : TRACTOR 3
Filed Feb. 25, 1939 2 Sheets-Sheet 2

INVENTOR

WITHESS y i
Frgle. SRS 1 v 5

e £
ATTORNEY




10

15

20

40

Patented Feb. 11, 1941

UNITED STATES

12,231,710

PATENT OFFICE

2,231,710 -
TRACTOR

Henry Ford, Dearborn, Mich., assxgnor to Ford
Motor Company, Dearborn, Mich,, 2 corpora-

{ion of Delaware
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1 Claim.

‘The object of my invention is to provide a trac-
tor of sxmple, durable and inexpensive construc-
tion.

A further object of my invention is to provide a
tractor having a novel wheel suspension which
differs from the conventional iracior in that all
of the wheels may be raised or lowered relative
to the tractor. When the wheels are in their
lowermost positions, maximum clearance above
the ground is provided so that the tractor may
be used for culitvating relatively tall corn and

. similar crops. When the wheels are in their up-

per positions, the center of gravity of the tractor
is lowered o thereby increase the draw-bar pull
of the tractor.

With these and other objects in view, my in-
vention consists in the arrangement, construc-
tion and combination of the various parts of my
improved device, as described in the specifica-
tion, claimed in my claim, and illustrated in the
aceompanying drawings, in which:

Ficwre 1 is a side elevation of my improved

‘tractor, a portion of the steering mechanism be-

ing broken away to betier illustrate the con-
construction.

Figure 2 is a plan view of the tractor shown in
Figure 1. )

Figure 3 is a sectional view, taken upon the line
33 of Figure 2.

Figure 4 is a sectional view, taken upon the

line 4—4 of Figure 2, and °

Fieure 5 is a front view of an alternate con-
struction, this' unit being supplied with an axle
which is detachably secured to the front steering

9 spindle in place of the axle shown in Figure 1.

Referring to the accompanying -drawings, I
have used the reference numeral 10 to indicafe
a conventional tractor intermal-combustion en-
gine having a radiator {i secured to the forward
end thereof. A water reservoir 12 is fixed to the

. upper portion of the radiator ii and a fuel tank

(13

{3 extends from the rearward portion of the res-
ervoir 12 rearwardly in the conventional man-
ner. An-axle and transmission housing 14 is

fixed to the rear end of the engine 106, and axle
tubes 15 extend outwardly from the respective:

sides of the rear portion of the housing (4.

A goose neck bracket 1€ is fixed to the front end
of the engine 10 and is adapted to support the
tractor upon the front wheels. The upper end of

the bracket 6 is provided with a vertical bore’

therethrough in which a quill 17 is reciprocally
mounted. Gear teeth I8 are machined in the

fqz;m__ of a rack upon one side of the quill IT, these

(C1. 180—41)

teeth being in mesh with a pinion (9, which pin-
ion is roiatably mounted in the upper end of the
bracket (6 upon a shaft- 20. One end of the
shaft 20 is squared so that a wrench may be ap-
plied thereto to rotate the pinion 19 thereby rais-
ing or lowering the quill 17 in the bracket 18, A
vertically extending king-pin 2§ 1s rotatably
mounted in the quill 1T but is prevented from
axial movement relative thereto., Consequently,
when the quill 17 is raised or lowered the pin 21
is correspondingly raised and lowered.

A head 22 is detachably secured to the lower
end of the pin 2i, which head is provided with a
pair of wheel spindles projecting from'the re-
spective sides thereof, upon which spindles wheels
24 gre rotatably mounted. The upper end of the
pin 2! is provided with splined bore therein in
which a splined shaft 25 is fixed.. The upper end
of the shaft 25 has & steering arm 26 secured
thereto. . Consequently, when the arm 26 is os-
cillated the wheels 24 will be turned to steer the
tractor., A drag link 217 extends from the oufer
end of the arm 26 rearwardly where it is secured
to the upper end of a steering arm 28, The lower
end of the arm 28 is pivotally mounted upon the
upper portion of the transmission housing 14 and
8 conventional steering reducion gear is provided
which oscillates the arm 28 forwardly and back
in accordance with the rotatlon of a steering
wheel 28,

Referring to Figures 2 and 3 of the drawings,
I have shown a reduction gearing through which
the tractor is driven, Rear axle shafts 30 extend
outwardly from the respective sides of a conven-
tional differential, not shown, but which is

8

10

20

30

mounted within the housing (4. The outer end .

of each shaft is supporied upon a bearing 3¢

which is in turn sttpported by the outer end of . )

the adjacent axle tube 15. Pinions 32 gre fized
to the outer ends of the shafts 38.

It will be noted from Figure 2 that a housing 33
is rotatably mounted upon the outer end of each

40 .

tube 15, which housings are held in place by a

flange 34 formed on each tube against which 2
plate 35 is clamped by means of ecap screws 386.

45

Each housing 33 is formed of two parts with an

outer drum 37 forming an enclosure for an in-
ternal gear 38, which gear 1s fixed to a stub-axie
shaft 3S. Each shaft 39 is rotatably mounied in
suitable bearings in the drum 37T and in the hous-
ing 33 in such posmon that the internal gear 38
is in mesh with the pinion 32.

It will be noted that the axis of each shaft 39
is parallel to but is displaced rearwardly from the

50
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axis of the pinion 32. Conseguently, each hous-
ing 33 may be lowered fto the position shown by
lines 40 in Figure 3 or it may ke swung upwardly
to the position shown by lines 4§, 'The housing
may, of course, be retained in any intermediate
position as showmn by the full lines in Figure 3,
A driving wheel 42 is fixedly secured to the outer
end of each shaft 3% and swings up and down as
the housing 33 is oscillated around the axle tube.

Inasmuch as the housings 323 are suppotrted
upon their respective axle tubes independently
of each other, it will be readily seen that they
both may oscillate simmultaneously or independ-
ently, as desired. When the housings are moved
to their lowermost position, as shown by lines 0,
then the rear portion of the tractor is elevated
a considerable distance ahove the position (hat it
assumes when the housings are rotaied to the
positon shown by lines 44, The purpose of rais-
ing the rear end of the tractor is to obtain clear-
ance under the axle tubes when it is desired to
cultivate crops of a considerable height as the
crops must pass beneath the axle tubes. When
ploughing or doing other work requiring the max-
imum draw-bar pull by the tractor such pull may
he increased by lowering the center of gravity.
The front end of the tractor may be conveniently
raised or lowered by means of the pinion 1§ in
accordance with the position of the rear end so
that the tractor will remain on an even level over
all ranges of adjustment.

Another important feature of this construction
is that when ploughing is being done it is neces-
sary that one of the drive wheels remain at the
bottom of the furrow while the other rolls upon
the unploughed surface. Conseguently, all other
tractors have a list to one side when kLeing used
for this work. With my improved tractor, the
wheel which is riding in the furrow may be low-~

. ered thereby permitfing the tractor to remain

level. This alse prodiuces greater tractor effort

on the wheels because the wheel freads remain -

flat onr the ground.

In order to conveniently raise and lower each
housing 33, I have provided a worm wheel 43
which is fixed on the outer end of each axle tube
t3. A worm gear 84 is rotatably mounted in each
housing 33 upon a shaft 4% in mesh with the worm
43 so that when the shaft 4% is rotafed the hous-
ings are swung up and down at & reduced rate
hy the worms £4.

In the culfivation of certain crops it is neces-
sary that the sizering wheels 8§ be spread as
they interfere with tie center row 0f crops. In
this case T have provided an auziliary head 28

. 9,231,710

which has a solid axle shaft 47 extending cross-
wise through the bottom thereof. The head 22
may be removed from the pin 21 and replaced by
the head 46. The wheels 24 are then mounted
upon suitable wheel spindles at the outer ends
of the axle shaft 47 to thereby provide a standard
tread for the front end of the tractor. A con-
ventional front axle may also be used if desired.

Among the many advantages arising from the
use of my improved construection, it may be well
to mention that the principal advantage results
in that the cenfer of gravity of the tractor may
be lowered close to the ground when heavy work is
being done but if cultivating or work which
requires considerable clearance over the axle is
t0 be done then the tractor may be raised an
appreciabie distance to accomplish this purpose.

Some changes may be made in the arrange-
ment, construction and combination of the vari-
ous parts of my improved device without depart-
ing from the spirit of my invention and it is my
intention to cover by my claim such changes as
may reasonably be included within the scope
thereof. ; i

1 claim as my invenfion:

A fractor comprising, an enegine, an axle hous-

10

20

ing secured to one end of said engine, an axie .

tube extending transversely from the end of said
axle housing opposite said engine, an axle shaft
extending ocutwardly through said axle tube, a
pinion disposed upon the outer engd of said shaft,
a gear housing having a eylindrical sleeve pro-
jecting from one side therecf, the axial center of
said sleeve being spaced radially from ihe axial
center of sald gear housing, said sleeve being
rotatably mounted upon the outer end of said
axle tube, 2 fange formed on said axle tube
which coacts with and supports the inner end
of said sleeve, means disposed upon the inner end
of said sleeve which operatively engages said
flange to lock said sleeve in any one of & plurality
of rotatable positions around said axle tube, a

. worm wheel fixed upon said axle tube within said

sleeve, & worm shaft rotatably mounted in said
sleeve transverse to its axial center, said worm
shaft having a worm fixed thereor which meshes
with said worm wheel so that rotation of said
wormt shaft rotates said sleeve and worm arcund
sal¢ axle tube, 2 wheel shaft rotatably mounted
within szid housing upon its axisl center, a driv-
ing wneel fixed to the outer end of saift wheel
shsait, and an internal gear fixed to said shait
within said tousing, said internal gear heing in
mesh with said pinion.
BENL & ol
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MASERS AND MASER COMMUNICATIONS
SYSTEM

Arthur I, Schawlew, Madiscn, N.JY., and Charles H.
Townes, New York, N.Y,, assignors to Bell Telephone
Laboratories, Incorporated, New York, N.Y., 2 corpo-
ration of New York

- Application July 39, 1958, Serial No, 752,137
1 Claims. (ClL 250—7)
This invention relates to the generation and amplifica-
tion of infrared, visible, and ultraviolet waves, and more

particularly to the generation and amplification of such
waves by means of devices including media in which the

stimulated emission of radiation occurs; devices of this-

type are now generally termed “masers, "’

It is characteristic of a maser that it employs a medium
in which there s established at Jeast intermittently a non-
equilibrium population distribution in a pair of spaced
eoergy levels of its energy level system. In particular, the
ropulation of the higher of the selected pair of epergy
levels may be made larger than that of the lower. It is
now usual to describe a medium which is in such a state
of nonequilibrium as exhibiting a negative temperature.
It is known that a competing process known as relaxation
tends to return the system to equitibrium.

It Is characteristic that if there be applied to a medium
which is in a negative temperature state a signal of a fro-
quency which satisfies Plapck’s law with respect {0 the
tWo energy levels which are in nonequilibrium

£a ;E‘ where & is Planck’s const-ant)

by=

then the applied sicnal will stimulate the emission of

radiation at the signal frequency from the medium snd the

signal will be amplified. o

- Among the more promising forms of masers known is
one whick employs as the negative temperature medium
a material whose energy level system is characterized by
at least three energy levels, with the separations of these
three energy levels falling within desired operating fre-
quency ranges. To this material, there js supplied pump-
ing power which cffects transitions from the lowest to
the highest of the sclected three energy levels, By power

saturation of the highest energy level, whereby the popula-

tions of the highest and lowest energy Ievels tend to be
equalized, there is established in one of these two energy
levels a nonequilibrium population distribution with re.
spect to the infermediate energy level of the selected three,
whereby a negative temperature results in the material.
Thereafter a signal of appropriate frequency can be am-
plified by being applied thersto in a manner such that the
emission of radiation is stimulated therefrom.,

It is to be noted that the process of relaxation from
randomly overpopulated states may give rise to spon-
taneous emission, that is, emission caused by radiative
transitions in 2 mode other than the desired or stinnslated
one,

. Generators and amplifiers employing atomic and molec-
ular processes, as do the various known varieties of
masers, may in principle be extended in operation far

beyond the range of frequencies which have been gen-:

erated and amplified by electronic processes, As, how-
ever, the massr concept is applied to the translation of
wavélengths in the infrared, visible, and ultraviolet regions
of-the electromagnetic wave spectrum, it is found that
conventional or microwave maser techinques and struc-
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tures are suitable neither for the gencration of mono-
chromatic radiatior nor to provide coherent ampli'ﬁcation.

Accordingly, an object of the present invention is a
system, including a maser, for translating infrared, visible,
and nitraviolet energy. _

A mager designed for operation-in the microwave
range of the spectrum might, for example, comprise a
cavity having therein an ensemble of atomic or molecular
systems, the cavity being characterized by being able to
Support oniy one modé near the frequency which cor-
responds to the desired radiative transitions of the sys.
tems. Alternatively, such an ensemble might be located
in a waveguide, which similarly would be characterized
by one, or a very few, preferred modes of propagation in
the frequency range of interest. :

Thus, the energy emitted by a maser operating in the
microwave rapge is typically monochromatic, due to the
encrgy produced by stimulated emission being very much
larger than the background of radiation caused by spon-
tanecus emission. In other words, such devices are in-
herently monochromatic because stimulated emission pro-
duces completely coherent amplification, and spontaneous
emission, which is not so coherent, is characteristically
small by comparison with the stimulated emission.

On the other hand, the maintenance of a single isolated
mode is a maser cavity operating at frequencies above
those in the microwave range requires an impractically
small cavity structure (of the order of one- wavelength)
and/or a high and not easily realizable density of pump-
ing power. Hence, one is led to consider, in these higher
frequency ranges, cavities which are large compared to a
wavelength, and which are accordingly capable of sup-
porting a large number of modes within the frequency
ranges of interest. A disadvantage of this approach, how-
ever, is that masers including such cavities must be oper-
ated at relatively high power levels in .order that the
emission stimulated therefrom be at least as large as that
Spontaneously emitted therefrom.

Accordingly, another object of this invention is a prac-
tically realizable, efficient, Jow-noiss maser structure
which is capable of the generation of monochromatic
radiation, or coherent amoplification, in the infrared, visi-
ble, and ultraviolet portions of the clectromagnetic
spectrum. _ ;

The above and other objects of the present invention
are realized in an {llustrative embodiment thereof wherein
2 negative temperature medium is disposed between two
spaced parallel reflecting plates ‘in a configuration which
i3 of practical size and which may be i
available power sources, and wherejn

responding to the stimulated emission can be effectively

parallel plates and side
Positioned within the chamber is a negative ter.
perature medinm, which is pumped by an energy source
disposed about the chamber. The side walls are trans-
parent to the pumping energy and either ransparent to or
absorptive of other energy radiated thereat. Further, an
optical configuration is arranged adjacent to one of the
¢nd plates of the chamber for isolating the one mode of
those supported within the chamber which it is desired to -
selectively utiljze.. : o

The principles of the present invention may illustra-
communications system which
comprises a maser device capable of generating mono-
chromatic radiation, a second maser device capable of
modulating and coherently amplifying the outpyt of the ;
maser generator, and a device for detecting. the output
of the second maser, Alternatively, such a system may
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inclnds a maser generator whoss output is modulated by
2 nonamplifying device, or a system in which the maser
generator itself is modulated.

Thus, a feature of the present invention is a system
for communicating information by means of energy hav-
ing wavelengths in the infrared, visible, or ultraviolet
portions of the electromagnetic spectrum, comprising a

monochromaiic generator, a modulatable coherent ampli-

fier, and a detector.
. Anothér feature of this invention is a maser generator
including a chamber comprising reflective parailel end

members and side members, a negative temperature.

medinm within szid chamber, a4 pumping power source
disposed. about' the side members, the side memberss
being transparent to the pumping energy and cither trans-
parent to or-absorptive of other energy radiated thereat,

and a configuration arranged adjacent to one of the end

members for absiracting from the chamber a selected
one of the modes supported therein, whereby there is
provided efficient, low-noise, monochromatic generation
of infrared, visible, or ultraviolel waves. :

A further feature of the presént invention is a maser
amplifier inciuding a chamber comprising reflective paral-
el end members and side mcmbers, a negative femper-
ature mediom within said chamber, a pumping power
source disposed about the side members, the side mem-
bers being transparent io the pumping energy and non-
reflective of other energy radiated therezf, and a con-
figuration arranged adjacent to one of the end members
for abstracting frem the chamber an amplified replica of
a.wave fed through the other end member thereof, where-
by there is provided an efficient, low-noise, coherent am-
plifier: of  infrared, visible, or ultraviolet waves.

A stili further. feature of this invention is an arrange-
ment for modulating the signal output of a maser of the
type-herein-described comprising a structure for establish-
ing a magnetic field parallel to the iongitudinal axis of
the: cliamber thereof, and an information source capable
of varying. the magnetic field in correspondence with the
output of the sonrce.

The: principles of the present inventicn will be better

- understood from the following more detailed discussion
- {aken in conjunction with the accompanying drawing, in

which; o

Fig. 1 is a block diagram of a communications system
illustatively embodying aspects. of the principles of the
present invention; . o 5
. Fig. 2 is a perspective view of a generator made in ac-
cerdance with the principles of this invention; and

Fig. 3 is a perspective view of an amplifier. embody-
ing the principles of the present invention. Also, Fig.
3 depicts. a modulafing source and a detector, arranged
in typical relationship to the amplifier,

Referring now to Fig. 1, there is shown a communica~
tions. system_in which the principles of the present inven-
tion are iltustratively embodied, The system includes 2
generator or oscillator 16, a modulating source 11, a
modulated amplifier 12, and a detector 13.

The generztor 18, which is shown in detail in Fig. 2,

includes a chamber 14, which typically may be about
one centimeter in diameter and ten centimeters in length.

2,020,928 e e

‘10

20

25

30

35

40

45

50

65

60

The chamber 14 comprises a hollow cylinder 15 hay- "

ing its ends capped by two flat paralle! assemblies 16 and

17, Disposed within the chamber 14 is a negative tem--

perature material whose radiative energy level separa-
tions correspond to frequencies in the ranges of interest,
namely, the infrared, visible, and uliraviclet ranges.

Various materials are suitable for use. as the. active:

of maser devices of the

or_negative temperature medium
For example, vapors of

general type described -herein.
the. alkali metals;
rdbidium and cesium, and some solid rare earth salts, for
example, anhydrous chlorides of europium and samarium,
may be so used..

In particular,

.namely, fithium, sodium, potassium,

65

70

potassium maintained at 2 temperature 75

" negative temperature

4
of about 435 degrees Kelvin, at which temperature it exs
hibits a vapor pressure of about 0.001 millimeter, may
advantagéously be included in a specific illustrative em-
podiment of the principles of the present invention as
the active medium thereof.

Bach of the fat parallel assemblies 16 and 17 of the

svice shown in Fig. 2 advantageously includes as a.com-
ponent part thereof a material which reflects most of the
energy incident thereupon. Thus, for example, an as-
sembly comprising sapphire 16a, which material is' chars
acterized by good chemical ineriness and excellent trans-
mission properties, particularly for infrared wavelengths,
and having a coating of gold 165, typically about 500
angstrom units thick, on the outer surface of the sap-
phire member, may be included in specific embaodiments
of this invention. Such an assembly exhibits 57 perceat
reflectivity, 2 percent absorptivity, and 1 percent traus-
mitivity to. wavelengths in the infrared range. .

The inner and outer parallel faces of each sapphire:
plate reflect a smali portion. of the radiation directed.
thereat. Therefore, the thickness of the sapphire plates.
should advzntageouslty be chosen such that the reflections-
$rom the two faces of each plate add in phase.

It is noted that the phase angle beiween the reflections
from the two faces or surfaces of each sapphire member’
depends on- the thickness and refractive index thereof..
Since sapphire is crystalline and the refractive index is:
different for ordinary and extraordinary rays, the thick-
ness may be chosen to give constructive interference. for
ons polarization and destructive interferencs for the polar--
ization. perpendicular thereto, in that mapner discrimi-
nating between modes traveling in the same direction but:
having different polarizations, ; _

The cylinder 15 -of the chamber 14 is advanfageousty
of a material which is transparent to the pumping. en-
ercy and either transparent to of absorptive of ofher
radiation impinging thersupon, thereby both to allow the:
negative temperature medium within the cylinder 15 to
be pumped and to eliminate from the chamber radiation
oceurring in all modes except those corresponding to
waves which travel back and forth between the reflective -
assemblies 16 and 17. These reflected modes are coupled
much more strongly to the excited atomic systems of. the
mediam thap any other modes and-
hence would be strongly favored for maser oscillations.

In those specific embodiments of the present invention:
in which the negative temperature medium within the:
chamber 14 is at a pressure other than atmospheric, as:
in the case of the potassium vapor, for example, it. 18
advantageous fo support the chamber 14, by means of
spacer elements 18, within a protective shefl 19, typically:
of glass, within which shell a pressure approximately
equal to that within. the chamber 14 is mainfained. In.
this manner, the resultant forces acting on the OppPOSing:
faces of the end assemblies 16 and 17 are made so.smail’
as not fo be capable of distorting the assemblies and.
thereby disturbing their parallelism.

Arranged around  the protective shell 19 are a plurality-
of pumping sources 2¢ which, in a maser generator in-
cluding potassium vapor as the active medium thereof;
may advantageously comprise an assembly of potassium:
lamps, which lamps 28 are energized by a source 21. -

‘The maser cenerator shown in Fig. 2 further includes
a.honsing 22 in which the protective shell 19°is supported-

by spacer elements 27. The inner surface of the Housing'

22 is of a material which is capable of reflecting a major "
part ‘of the energy Tadiated therenpon from the pumping.
power-sources 20, thereby to aid'in directing a substantial’
portion of .the  energy emitted by the sources Z0 toward’

tlie chamber 14 and into the negative temperature.me:

divm therein. - _

The process of oscillation within a maser generator. .
made in accordance with the principles of.the. present.
invention depends on the. selective regeneration within. the:.
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chamber 14 of a comporent of the energy spontaneously
emiited by the negative temperature medium therein,
Mode selection in the inaser generator shown in Fig, 2
is based on the phenomenon that, when energy is radiated
from a chamber of the type herein-described through
an end plate member which is large compared to the
wavelength of the radiation, each mode radiates in a
characteristic direction. Thus, if the emitted radiation is
focused by a lens, each point in the focal plane thereof
will correspond to a mode of a particular direction,
affording thereby g separation of modes. And, if radin.
tion falling on a very limited area in the focal plane is
detected, that radiation will represent spontaneous and
stimulated emission from a selected and Ymited number
of modes, the large backgronnd of spontaneous emission
proguced in other modes being thereby effectively iso-
Iated.
The principles of this phenomenon are utilized in the
maser generator shown in Fig, 2, Radiation in the de-
sired mode is trapsmitted through the end assembly 17
and focused by a double-convex lens 23 arranged such
that the desired energy is directed through an aperture
i 25 which lies in the focal plane
of the lens 23. "-A second double-convex lens 26 js em-
ployed to reconvert the selected energy to the form of a
plane wave, iz which form the desired energy radiates to
the modulated amplifier 12, :
-“The maser amplifier shown in Fig. 3 is similar. in struc-
tare to ‘the generator described above, The amplifier
includes a chamber 14 comprising a hollow cylinder 15
supported within a protective shell 1% by supporting
members 18 and within which cylinder 15 there is dis.

10

15

20

30

- lating source,

posed a suitable negative temperature medium, The shell -
19 is supported within a reflective housing 22 by spacer

or supporting members 27, : .

“Arranged abont the protective shell 19 of the amplifier
12 shown in Fig 3
which may advantageously comprise, in a specific iHlys.
trative embodiment of the present invention wherein the
negative temperature medinm is potassium vapor, a potas-
sium lamp formed in the shape
lamp is energized by 2 source 31, _ _

- Energy. which ig directed from the generator 10 through
the left-hand end of the ¢ylinder 15 of the amplifying
device of Fig, 3 may be modulated by an assembly in-
cluding a coil 32 for establishing a magnetic field parallel
to the longitudinal axis of the cylinder 15 and a source
11 for varying the strength of the longitudinal magnetic
field, whereby broadening or spliiting of the spectral lines
emitted by the device 12 in correspondence with the
variation of the magnetic field results, which phenome-
non is generaly termed the Zeeman effect. -

The device 12 shown in Fig, 3 radiates through the
right-hand end of the cylinder 18 an amplified counterpart
of the energy directed at the device 12 by the generator
10. The radiated energy is directed by two lenses 33
and 36 through an aperture 34 in an absorptive member
35 and to a detector 13. . The detector 13 may, for ex-
ample, include 3 photomultiplier tube,

It is noted that the admission of a signal into the region
between the two end parallel plates of the amplifying
device 12 is similar to the process involyed in' a micro-
wave cavity. More particularly, the partially reflecting
surfaces of the end plates are analogous to coupling holes;
and, if a menochromatic plane wave strikes the outside
of one of the partially reflecting surfaces, energy wilt
build up in the region between the plates, and the rela-
tions between input wave, energy in the “cavity,” and
output wave correspond to those for a microwave im-
pinging on an appropriate cavity with input and output
coupling holes,

Thus, it is seen that the principles of the present in-
vention may illustratively be embodied in monochromatic
maser generators of infrared, visible, or ultraviolet wave-
lengths. It is feasible to tune such generators by vary-

is a pumping power assembly 30

35

6 .
ing the pressure or temperature of the megative tempera-
ture media thereof., Alternatively, tuning of such devices -
may be based on the Stark effect (i.e., observed changes.:
in the spectrum of a system when the system is subjected’
to an electric field) or on the Zeeman effect.

- Further, it has been shown that embodiments of this
invention include coherent maser amplifiers of infrared,
visible, or ultravioiet wavelengths. 1t is to be noted that
these devices are capabie of amplifying energy of these
wavelengths with no significant chenge in the wavefront
or phase thergof. : 3

It is to be noted that maser devices embodying the
principles of the present invention may advantageously be
utilized in various spectroscopy and measurement appli-
cations,- as well as in the communications field. :

It is to be understood that the various specific embodi-
ments disclosed are merely illustrative of the general
principles of the invention. Thus, although the amplify-
ing chamber 14 has been shown and described as including
4 hollow cylinder, it is of course clear that any other trans-
parent structure ‘(more specifically, transparent to the
pumping energy and transparent to or absorptive of other
radiation) suitable for retaining the negative temperature
medium and including reflective ¢nd assemblies may be
casily substituted therefor, , )

What is claimed is:

" 1. ‘A communications system for operation in the in-
frared, visible, or ultraviolet regions of the electromagnetic '
wave spectrum comprising a monochromatic maser gen-
erator, a coherent modulated maser amplifier, a modu--
and -a detector; said geperator comprising a -
chamber having end reflective parailel members ang trans.
parent side members, a negative temperature medium
disposed ‘within said chamber, and means arranged about
said chamber for pumping’ said medium; said amplifier
comprising a chamber having end reflective parallel mem-
bers and transparent side members, a negative tempera-

- ture medium disposed within said chamber, means ar-

of a spiral, which spiral .

60

60
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_Tanged about said chamber for pumping said medinm,

and coupling means for abstracting from one epd of said
chamber -an amplified counterpart of the energy frans-
mitted- into the other end thereof ard for directing said
amplified counterpart at said detector. T T
2. A communications system for operation in the in-
frared, visible or wltraviolet Tegions of the electromag-
netic wave spectrum comprising a monochromatic maser
generator, a coherent maser amplifier, said generator and
amplifier including means for modulating the output of
said generator in accordance with signal imformation, and
a detector; said generator comprising a chamber having a
length which is substantially greater than its transverse
dimension and having partially reflective parallel end
members and nonrefiective side members, a negative tem-
perature medium disposed within said chamber and char-
acterized by at least three distinct energy levels, two of
which have a separation in the frequency range of interest,
means for pumping said medium so that a population in-
version is produced therein between said two_separated
euergy levels, and means for abstracting from said cham-
ber and directing at the amplifier input the energy of a par-
ticular mode of electromagnetic vibration; said amplifier
comprising a chamber having a length which is substan-
tially greater than its transverse dimension and having par-
tially reflective paralle] end members and nonreflective
side members, a negative temperature medium disposed
within said chamber and characterized by at least three
isti levels, two of which have a separation in
the frequency range of interest, means for Pumping said -
medium so that a population inversion is produced there-
i between said two separated energy levels, means for
abstracting from said chamber the energy of a particular
mode of electromagnetic vibration representing an ampli-

- fied and modulated replica of the geénerator oufput, and

75

means for directing said replica at said detector.
3. A communications system for operation in the in-
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fraved, visible; or nltraviolet Tegions of the electromag-

netic wave spectrum- comprising a monochromatic maser
generator, a coherent modulated
iating ‘source, and a detectory
means defining an amplifying chamber, and means for
establishing a magnetic field . parallel to the longitudinal

axis of said chamber, said modulating source being coupled:

to said meagnetic means, the radiative output of said gen-
erator being directed at said amplifier, and the radiative
output of said. amplifier.. constifuting. an- amplified aerd
modulated counterpart of the energy radiated thereinto,
being directed at said detector, ‘
4. A maser generator comprising a chamber having end
reflective parallel members and side members, a negative
temperature medium disposed wishin said chamber, and
means. arranged about said chamber for pumping. said
medium, said side members being transparent to the pump-
ing.energy and transparent to or absorptive of other energy
radiated thereat. Cow s ' :

. 5. A maser generator for -operation in
visible or uitraviolet regions of the electromagnetic wave
specirum comprising &
substentially greater than
having partially reflective parallel end members and non-

reflective side members, a negative. temperature medinm .

disposed within said chamber and characterized by at least
“three distinct energy levels, two of which have 2 separa-

" tion in the frequency range of interest, means for pumping’
said medium so that a population inversion- is produced-
levels, and-
means for abstracting from said chamber and directing at -
an amptificr inpat the energy of a particular mode of

therein between said two separated energy

clectromagnetic vibration.
© 6. A maser generator as in

said generator through said opening. )

7. A maser generator as in claim 5 wherein said nega-
tive temperature medivm. COMPrises potassium, and said
pumping - means comprises an assembly of pofassiom
lamps. L

maser amplifier, 2 modu--
said amplifier including:

the infrared,

chamber having a length which is:
is transverse dimension and-

claim 5 whetein said mode
selecting means inclades.an absorptive membet having an -
opening therethrough, said absorptive member being posi- .
tioned adjacent to one end of said. chamber, and means:
for directing a selected portion of the eaergy radiated by

10

20-

30

40

. said side members being transpareat
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8. A maser amplifier comprising a chamber having end
‘reflective paraltel members and said members, a negative:
temperature medium disposed within said chamber, means
arranged: about said: chamber for pumping said medium,
to the pumping en~
ergy and mon-reflective of other energy radiated thereat,
and coupling means for abstracting from one end of said-
chamber an amplified. counterpart of the energy directed
into the other end thereof. L3 _

9. A maser amplifier for operation in the infrared,
visible or ultraviolet regions of the electromagnetic wave
spectrum comprising: a: chamber having a length which
is substantially greater than its transverse dimension and
having partially reflective parallel end members and non=
reflective side members, a negative temperature mediug:
disposed within said chamber and characterized by at least
three distinct energy levels, two of which have a sepa-
ration in the frequency range of intérest, means for pump-
ing said medium: so that a- population inversion s pro<
duced therein betwean said two: separated encrgy Tevels,
and means for abstracting from said chamber and direct-
ing at a detector the energy of a particular mode of elec-
tromagnetic vibratior, - ’ .

10. A maser amplifier as in claim 9 wherein said nega-
tive temperature medinm comprises potassium, and said
%mmping means comprises an asiembly of potassium

amps. _

11. A medulated maser amplifier comprising a cham-
ber having end reflective parallel members, a nepgative tem-
perature medium disposed within said chamber, means
arranged about said chamber for pumping: said medinm,-
means coupled to and under the control of & modulating
source for establishing a magnetic field parallel to the
longitudinal axis of said chamber, and means for abstract:
ing from one end.of said chamber an amplified counter.-
part of the emergy directed into the other end- thereof,
which counterpart is modulatable in accordance with the
cuiput of said source.

Refcrences Cited in the file of this patent.
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UNITED STATES

PaTeENT OFFICE.

RICHARD J. GATLING, OF

INDIANAPOLIS, INDIAXNA,

~ IMPROVEMENT IN REVOLVING BATTERY-GUNS.

Specification forming part of Letters Patent No, 86,836, dated November 4, 1862.

To all whom it may concern.:

Be it known.that I, RIcHARD J. GATLING,
of Indianapolis, county of Marion, and State of
Indiana, have invented new and useful Im-
provements in Fire-Arms; and I do hereby
declare that the following is a full and exact
description thereof, reference being had to the
accompanying drawings, making part of this
specification, in which—

Figure 1 is a side elevation of the gun with
the upper portion of the wheelscut away. Fig.
2 is 3 vertical longitndinal section through the
center of the gun. Fig. 3 is a top view of the
gun with the tophalf of theexternal casing, A,
left off and the middle portion of the barrels
cuf away to shorten the drawing. Fig. 4isa
transverse section through loek-cylinder on
line # y in Figs.l and 2; Fig.5is an end view
-.of the grooved earrier C which receives the
cartridges or cartridge-chambers. Fig.6isa
side view of one of the tubes containing the
" mainspring and hammer of one of the locks.
Fig. Tis a perspective view of: the ring P
which sacrounds the forward end of the lock-
- eylinder D, having inclined planes on its rear

. edge for cocking and-drawing back the ham.

-mers to their proper position.

The object of this.invention is to obtain a
simple, compact, durable, and efficient fire-
arm-for war purposes, to be nsed either in at-
tack or defence, one that is light when com-
pared with ordinary field-arlillery, thatiseasily
transported, that may berapidly fired, and that
ean be operated by few men.

The invention consists in a singularly-con.
stracted revolving lock cylinder or breech, in
combination with a grooved e¢arrier and bar-
rels all rigidly fixed upon the same shaft, and
all of which revolve together when the gun is
in operation, the Jocks and grooves in the car-
rier and the barrels all being parallel with the
axis of revolution, ’

The invention also cousists in the novel
means employed in'cocking and firing the gun
withount the use of a trigger by means of the
inelined plane on the rear edge of the ring P,
which surrounds the forward end of the lock-
cylinder, and also in the novel nse of the in-
ner tubes (which eontain the locks) to press-
the cartridge-chambers firmly against the rear
ends of thebarrels while being discharged, and

in the onter casing and disk, which proteets
the locks from injury, i

Similar letters of reference indicste corre-
sponding parts in the several figures.

To enable otkers skilled in the art to make
and use my invention, I will proceed to de-
scribe its construction and operation,.

I constrnet my gon usually with six ordi-
nary rifle-barrels, I3, fixed at their rear and
forward ends into circular plates F and G,
which are rigidly secured to a shaft, N, upon
which is also rigidly fixed the grooved carrier
C and lock-cylinder D and cog-wheel K. A
case or shield, A, covers and protects the Iock-
cylinder and cog-wheel.,” All of these several -
parts are mounted on a frame, B, and are sup-
ported by an ordinary gun-carriage. Thelock-
cylinder D is perforated longitudinally with
8ix holes, {corresponding to the number of bar-
rels,} as shown in Tfig. 4, and has slots eut
through from the surface of the cylinder to the
holes to admit the projecting portion of the
hammers . In the perforations or holes in
the lock-cylinder the locks (one of which is
ghown in elevation in Fig. 6) are placed.

The locks are constructed of the tubes a a,
&e., having a flanged breech-pin, ¢, secured in
their rear ends and provided with hammers b
and mainsprings d, all formed and arranged
as clearly shown in section in Fig. 2;

C is a grooved carrier for conveying the
cartridge-chambers from the reservoir or hop-
per H up to the position in which they are
‘fired, and thence on around until they fall out
by their own weight; but that the eartridge-
chambers may be removed with certainty from
the grooved carrier C a comb or rake is pro-
vided and attached to the frame, as shown by
the red lines in Figs. 2 and 3,

P, Figs. 2, 3, and 7, is a ring encircling the
forward end of the lo¢k-cylinder D, and is
rigidly secured by lugs to the frame B. The
rear. edge of this ring is formed into two in-
¢lined planes, as clearly shown in Tig, 3, the
greater inclined plane serving to push back
or eock the hammers b ag they are successively
revolved, while the lesser inclined plane serves
to push the bammers back into their proper
places within the tubeseafter they have struck
the percussion-cap, so as to allow the cartridge-
chambers to drop from the carrier.
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The disk 1 forms a division in the case A,
the forward portion of the case forming a
shield or covering for the locks, while the rear
division contains and protects the cog-wheel
K and L. In the forward face of the disk 1 a
small steel plug, O, is inserted, having itsfor-
ward face ronnded or swelled out slightly be-
yond the face of the disk. This swell is for the
purpose of pressing the tubesa forward agninst
the cartridge-chambers R, and thus pressing
thecartridge-chambers firmly against the rear
end of the barrel at thetime of each and every
discharge, thereby preventing the escape of
gas from the iznited powder. The forward mo-
‘tion of the tubes ¢, cansed Dy the swell O on
disk I, also assisls in compressing the main.
gprings d, thereby inercasing the force of the
blow froin the lock-hammers b upon the per-
cussion-caps on the vipples of the cartridge-
chambers,

The rounded heads of the breech-pin ¢ bear
against the forward face of the disk I, being
Kept in their position by the coiled spriugs ee,
&e., which sarround the rear ends of the tubes
a a, &c., the springs e bearing againstthe rear
end of the lock-cylinder and agaiust the flange
of the breech-pin ¢. By this arrangement the
forward euds of the locks are kept flush with
the forward face of the lock-cylinder untilthey
are revolved opposite the swell o, when they
are pressed forward, as before deseribed.

The shaft N, upon which the lock-cylinder
D, carrier G, barrels E, and cog-wheel K are
rigidly secured, Las a bearing near its rear end
in disk I and a bearing at its forward end in
abox on the frame B. A crank-shaft, M, runs
througl the rear part of ease A and has fixed
upou it the small cog-wheel or pinion L and
crank S.

An adjusting-serew, T, is placed in the box

opposite the forward end of sbaft N, forregu-
lating the pressure npon the cartridge-cham-
bers R. The cartridge-chambers R, (any de-
sired number of which may be used,) being
loaded, are placed in the hopper or reservoir,
with their nipple or cap ends toward the han-
mers, over the grooved carriers G, when, by
rotating the crank S, which carries with it the
shaft M, and pinion L, whick meshes into the
iarge cog-wheel K, thereby revolving theshaft
N, lock-cylinder D, earrier C, and barrels E,
the cartridges drop or rather roll into the
grooves of carrier C and are carried Dy it up
to the position in which they are discharged.
The hammers, cartridge-chambers, and barrels
all being ou a line parallel to the axisof revo-
lution, it is impossible for the cartridges to be
out of place when discharged. iy

The hammers b are pushed back by the

large inclined plane on the rear edge of the

ring I, and when they have passed the high-
est point of the inclined plane thoy are driven
forward against the pereussion-cap on the nip-
ple of the cartridge-chamber by the coiled
maingpring ¢ with suflicient force to explode
the cap and discharge tho cartridge, after
whick the cartridge-holder is carried on around
until it .drops out of the carrier by its own
weight, when it is ready to be taken up and
retoaded. .

I do not claim the use of the grooved or
fluted revolving emvier C, separately counsid-
ered, and when the same is inude to revolve
separately and independently of the bLarrels

and breech, the same being an old deviee;

neither do [ ¢laim the direct combination
thereof with an antomatic revolving gear or
with a device for pressing the cartridge-cham-
ber against the bLarrol when used alone for
that purpose; but

What I do claim as new and as my inven-
tion, and desire to secare by Letters Patent,
ig—

1. The combination of the lock-cylinder or
brecch D witlh: the grooved carrier C, circular
plate F, and barrels & E, &c., the lock-cylin-
der or breecl, carrier, and circular plate being
firmly fastoned upon the main shaft N, and
the loeks, grooves in the carrier, and barrels
being arranged on a line parallel with the axis
of revolution, the whole revolving together
when the gun is in operation, substantially as
described. ' :

2, In theconstraction of revolving fire-ayms,
the use of as many locks as there are barrels,
said locks revolving simultaneously with the
breech and barrels, and being arranged and
operated substantially as set forth. '

3. The stationary ring P, provided with in-
clined planes on its rear edge, in combination
with lock-cylinder I} and locks, when con-
structed and operated for the purposes sub-
stantially as set forth.

" 4. The tubes 2 a, &c., furnished with the
flanged breech-pins ¢ ¢, &c., and springs ee,
&e., and which coutain the lock-hammers b
b, &e., and mainsprings d d, &c., in combina-
tion with the revolving breech D, disk I, and
swell 0, when conatracted, arranged, and op-
erated for the purposes substantially as set

-forth.

8. The disk I, in combination with the ex- .
ternal breech-piece or casing, A, which forms
a shield or covering for the lock-cylinder and
which protects the locks and cog-wheels from

injury. L
RICHARD J. GATLING,
Witnesseas: :
-A.F. MAYHEW,
W. 0. RocKwooD.
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UNITED STATES

PaTeNT OFFICE.

SAMUEL F. B. MORSE, OF NEW YORK, N. Y.

IMPROVEME}\{T IN THE MODE OF COMMUNICATING INFORMATION
= a ' ELECTRO-MAGNETISM.

\

BY SIGNALS BY THE APPLICATION OF -

* Specification forming part of Letters Patent No. 1,64%, dated June 20, 1840.

To all whon it may eoncern:’

Beitknown that I, theundersigned, SAMUEL
F. B. MORSE, of the ecity, county, and State of
New York, have invented a new and useful ma-
ehine and system of signs for transmitting in-
telligence between distant points by the means
of a new application and effect of electro-mag-
netisminproducing sonndsandsigns, or either,
_and alsofor recording permanently by the same
means, and appliation, and effeet of electro-
~ magnetism, any signs thas preduced and rep-
resenting inteliigence, transmitted as before
named between distant poinis; and I denom-
inate saidd invention the “*Ameriean Hiectro-
Magnetic Telegraph,” of which thefollowing is

a full and exact description, to wit: :
" It cousists of the following parts—frst,. of
a circuit of electric or galvanic eonductors
from any generator of electricity or galvanism
and of clectro-magnets at any one -0T more
points in said eireuit; seeond, a system of
signs by which numerals, ané worils repre-
sented by numerals, and thereby sentences of.
words, as well as of numerals, and letters of
any extent and combination of each, are com-
‘municated to any one or more points in the
before-deseribed eircuit; third, a set of fype
. adapted o regulate the communication of the
above mentioned signs, also eases for.con-
venient keeping of the {ypeand roies i which
to set and use the type; fourth, an apparatus
called the “straight port-rule,” and znother.
‘called the ¢ cirenlar port-rule,” each of whieh
regulates the movement of the type when in
use, and also thab of the signallever; fifih,
a signal-lever ‘which Lreaks and connects the
circuit of eondluctors ; sixth, a register whiclt
records permanently the signs eommunicated
at any desired points in the eircnit; seventi,
a dictionary or vocabulary of words to which
are prefixed numerals for the nses hereinafter
described ; eighth, modes of laying the circuit
of conductors. . i
The circuit of conduetors may be made of
any metal—such as copper, or iron wire, or
stripa of eopper or iron, or of cord or twine, o-
other snbstances—gili, silvered, or covercd
with -apy thin metat leal properly insulated
and in'the ground, or throngh or beneath the
water, or throagh the air. By ecansing an elec-
‘tric or galvanic carrent. to phss through {he
circunitofconduetors, laid asaforesaid, by means

of any generator of electricity or galvanism, to
oneor more eleciro-magnetsplaced at any point
or points in said eireuit, the magnetic power
thus eoncentrated in such maguet or magnets
ig nsed for the purposes of prodnecing sounds
and visible signs, and for permanently record-
ing the latter at any and cach of said points-
at the pleasureof the operatorand in the man-
ner hereinafter described—tbat is to say, by
nsing the system of signs which is formed of
the following parts and variations, viz:

Signs of numerals consist, first, of ten dots
or punctures, made in measnred «istances of
egual extent from each other, npon paper or
any substitute for paper, and in number cor-
responding  with the numeral desired to be
represented. Thusone dot or puncture for the
numeral 1, two dots or punctures for the nunt-
eral 2, three of the same for 3, four for 4,
five for b, six for 8, seven for 7, eight for §,

-nine for 9, and ten for O, as particaiarly rep-

resented on the annexed drawing marked
Exaumple 1, Mode 1, in which is alse ineladed
2 second charagter, to represent a eipher, it
prefered, : '

Signs of naumerals cousist, secondly, of m arks:
made as in the case of dets, and partieulariy
represented on the annexed drawing arked
Example i, Mode 2. - _

Signs of numerals consist, thirdly, of char-
acters . drawn ab measored distances in the

_shape of the teeth of a common-saw Ly the uso

of a pencil or apny instriument for marking.
The points corresponding to the tecth of a saw
ave in numbsr to correspoud with the numeral
desired to De represented, as in the case of
dots or marks in the other modes deseribed,
and as particularly represented in the annexed
drawing rrarked Sxample 1, Mode 3.
Signs of nuwerals consist, fourthly, of dots
and lines separately and conjunectively used
as follows, the numerals1, 2, 3, and 4 being
represented by dots, as in Mode 1, first given
above: The numeral 5 is vepesented by a line
equal in length to the spaco between the two
dots of aony other numeral; 6 is represented
by tize addition of & dot to the line represent-
ing 5; 7 is vepresented by the addition of two
dots to said line ; 8 is represented by prefix-
ing a dot to said line; O isrepresented by two
dots prefixed to seid line; and 0 is repre.
sented by two lines, each of the length of said
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line that representsthe number 5; said signs
are particularly set forth in the annexed draw-
ings, marked Example 1, Mode 4.

Either of said modes are to be used as may
be preferred or desired and in the method here-
inafter described. ) ;

The sign of a distinct numeral, or of a com-
ponnd numeral when used in a sentence of
words or of namerals, consists of a distance or
space of separation between the characters of
greater extent than the distance used in sep-
arating the characters that.compose any snch

- distinet or compound numeral. An illustra-
tion of this sign im particularly exhibited in
the annexed drawing marked Example 2.

Signs of letters consist in variations of the
dots, marks, and dots and lines, aud spaces of
separation of the same formation as compose
the sigus of numerals, varied and combined
differently torepresent the letters of the alpha-

bet.in the manner particularly illustrated and

represented in the annexed drawing marked

= Example 3. 5

The sign of a distinct letter, or of distinet
words, when used in a seatence, ig the same
a8 that used in regard to numerals and de-
scribed above. : : ;

Signs of words, and even of set phrases or
sentences, may be adopted for nse and commu-
nication in like manner under various forms,
as convenience roay suggest. . .

The type for producing the signs of numner-
als consist, first, of fourteen pieces or plates of
thin metal, such as rype-metal, brass, iron, or
like substances, with teeth or indentations

" upon one side or edge of ten of said type, cor-
‘responding in number tothe dots or punctures
or marks requisite to constitute the numerals
respectively heretofore described in the system
of signs, and having also a space left upon the
side or edge of each type, at one and thereof,
without teeth or indentations, corresponding
in length with the distance or separation de-
sired between each sign of a numeral. Another
of aaid type has two indentationa, formin g
thereby tbreo teeth only, and without any
8pace at sither end, to correspond with the aize
of a cypher, as heretofore deacribed by refer-
ence to Example 1, Modes 1, 2, 3, of drawings
in said system of signs. One otj:er of said type
ia without any indentation on its side or edge,
and being in length to correspond with the
distance or separation desired between dis-
tinct or compound numerals, and with- the gign
heretofore described for that purpose. ~One of
the remaining two of said type is formed with

- . oneé corner of . it beveled, {system of type, Ex-

swple 4, Fig. 1,) and is called a‘rest,” and the

other is in 8 pointed form and called a * stop.”?

Each of said type is particalarly delineated

on the annexed dmwinfnmsrkod Example 4,

. Fig. 1, and numbered or labeled in accordance
with the parpose for which they are desigued

respectively, and are used, in like manover, for

- producing each of the several signs of numer-
als haretofore described in the system of signs.
The type for producing the signs of numer-

als consist, secondly, of five pieces or plates ot
metal first described above, four of which are
the same as are numbered 1, 2, 3, and 4 in the

-aunexed drawing marked Example 4, Fig. 1,

and the fifth cne being the same as is denowi-
nated in the same exawple “the long space,”
aud heretofore alluded to; also, of six other
pieces or plates of said metal, varied in indenta-
tions and teeth and spaces, as represented on
the annexed drawings marked Example 4,
Fig. 2, to produce signs of the denaminations
described in the foarth mode of the before-
mentioned system of signs, Example 1. -
- The type for producing the signs of letters
are of the same denomination with those used
inproducingsigns of numerals, and only varied
in forw, from one to twenty-three, as exhibited
in the annexed drawing marked Example 5.

~ The type for produacing both signs of nomer-
als and signs of letters are adapted for use to
either a straightrale, called the ‘“straight port-

' rule,”and areinthat case made straight length:

wise, a8 described in the drawings annexed and
heretofore referred to in Example 5, orto a cir-
cular port-rale,in which case they are Jength-
wise circular or formed into sections of a cir-
cle, as represented in the drawiugs annexed
marked Example 6, Figs, 2 and 3, andas will
be fartherunderstood by the descriptions here-
inafter contained of the straight and circular
portrales. On the nnder side of the type for
the circular port-rule (which type are of greater
thickness than thosefor the straight port-rule)
is & groove (system of type, Example 6, A in
Figs. 1and 3) about midway of their width, and
in depth abont half the thickness aforesaid,
and extending from the space euds, as B, Ex-
ample 6, Fig. 3—that is, the ends without in-
dentation—of said type, along the length, and

-conforming to the curve thereof, to a point, D

D, equal in distance from the opposite ends to
half the .width of the pointed teeth ent upon
their edges. For a delineation of these type

-reference is made to sections thercof in Figs. 1.

and 3 upon the annexed drawings marked Ex-
ample G. . : 6
The type-cases are wood, or of any other ma-
terial, with small compartments of the exact
length of the type, for greater convenieunce in
distributing, and resembling those in common

‘use among printers. . .

The type-rales are of wood or metal, or other
material that may be preferred, and about
three feet in length, with a groove, into which
the type, when nsed, are placed. d&th‘e under
side of each type-rule are cogs,by which they
are adapted to a pinion-wheel having corre-
spouding cogs and forming part of aport-rule, - -
The type-rule in use is moved onward as mo-
tion is given to the said wheel. A delineation

- of the type-rule is contained in the acnexed

drawing marked Exaniple 7.

. The atraight port-rule consists of & pinion-

wheel, before mentioned, turned by & band-
crank attached toa horizontal screw that plays

into the cogs of thepinion-wheel as the latter
do into the coga of the type-rule, or by any
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other power in any of the well-known meth-
ods of mechanism, Itis connected with arail-
way or groove, in and by which the type-rale,

from the motion imparted to it by said wheel,

is eonveyed in a direct lins beneath a lever

that breaks and connecis the galvanie eirenit

“in the mauner hereinafter mentioned. A de-
lineation of said@ wheel, crank, and screw is

. gontained in the drawings hereanto annexed
marked Example 8, Figs. 1,2,3. :

The circular port-ruls is a substitute, when

preferred, for both the iype-ruie and the

straight port-rule, and consists of a horizontal
“or inelined wheel, Example 9, Fig: 1, A, of
any coavenient diameter, of wocd or mstal,
having its axis connected on the nader side of
the wheel, with a pinion-wheel, K, and as in
‘the case of thestraight pevt-rale. It is moved
by the motion of the pinion-wheel, as is the
type-rule in the former description. Ou the
entire circumference of said lerizontal or in-
clined wheel, and npon itz upper surface, is a
shounlder or cavity, a, Figs. 1, 2, correspotd-
jng in depth with the thickuvess of the fypa
used, and in width, &, squal ic that of the
type, exclusive of their teeth or indenfations.
Near the outer edge of the surface of said
shenlder or eavity are eogs ¢, throaghoni the
circumterence of the wheed, nrojeeting npward
ab o distance from pach otber eguz! te one-
halfof the width of the teetl: or inderiziions
ofthe type, and otherwise corrssponding in
sizo to the width and depth of the groove D
D, Tig. 4, in the vader sids of {he circular
typn before deseribed and ilinsirated by refer-
ence to Example §, Figs, 1 and 3, Dircetly
over said shounlder or carity and cogs,; and ag
one ormore peints on thesirenniferenee of8aia
wheel, is extended fiom a fixtare outsideofihe
orbit of the wheel a statiovary type-feeder, H,
Fig. 1,formed ofoneend, ¢,and oneside, E, per-
pendizular, of tin or brass plaie or other sub-
stance, and of interior sizsand shape toreceive
. &ny number of the type whick are therein de-
posited with theirindentations projeeting out-
ward, asin Fig, 2, acd their grooves down-
ward, as in Fig. 4, Said type-feeder is so sus-
pended from its fixture ¥ I over the shonlder
or eavity of the wheel A, bafore described, as
to admit of the passage under it of said wheel
in its eircuit as near the boitom of the feeder
‘as practicable,without coming in contact there.
with. The type deposited in the feeder as be-
fore mentioned form a perpendicalar colamn,
as in Fig. 2, the lower type of which rests
upon the surface of the beforg-named shonl-
der 6f the wheel 3, Fig. 2, and the cog of ihe
wheel, projecting upward, enters the greove D
D, Tig. 4, of the type hereinbefore described.
The operation of said eireniar port-rule in
regulating the movemenst of the type in susis
~as follows: When the wheel A i8 set in meo-
“ tion the type.resting immediately upon the
shoalderof the wheel,in the manver mentioned

above, as in Fig. 2, is carried forward onthe -

curvature of the wheel from beneath the col-
umn of typs resting upon 5 in the stationary

type-feeder by means of one of the before-
named cogs coming in contact with -that
point D, Fig. 3, Example 8, in thy groovs of
the type, hereinbefore described as forming
the termination of said groove, and which is
particularly delineaied at the points D D in
the annexed drawings, marked Exzample §,
Fig. 3. As by said process the lower type in
the colamy thatis held by the stationary feeder -
is carriad forward and and removed, the nexi
type sottles immediately-upon the shonider
of the wieel, and, after the manner of the re-
moved . type, is brought in contact with an- -
osher cog of said shoulder within the groove
of the type, and thence carried forward from
beneath the incumbent column, as was iis
pradecessor. Then follows consecutively in
the same method each type deposited within
the feeder so long as the wheel is kept in mo-
tion. The dsposit of the type in the station-
ary feeder is regalated by the order in which
the letters or numerals or words they repre-
seni ore designed to e communicated at any
distant point or poinis, After the type ars
respectively eavried forward on the curvature
of the whael in the mannar stated 2bove, be-
yond the point whers they are acted nupou by
the signallever, as is horeinafter deseribed,
they are lifted, sach in its turn, from the
shonlder of the wheel A apd east off iuto a
box or pockat, &, below thewheelby means of
& slender shafs or spindle, H, made of any
metal,ant resembling in forin & common plow-
share, extending downward from a fixture, o,
placed outside of therwheel, inte » groove, X,
within the before-uamed shonlderof said wheel
A, and on the inner side of the cogs ¢, already
Geseribed. By means of said groove the dowa-
ward point of said shaft or spindle H isbrought
within ths curvasore and below {he surface of
gaid shonlder b, Fig. 2; and conseguently nn-
der the approaching end of the type, so that
each typs successivaly, as it is carried forward
an said curvature, in the maanver befors de-
seribed, is lified from the shounlder and foreed
upward on the inclined shafor spindis Ly the
type in contaet with it at the other end until

+urned 0 into the before-namet box or pecket

+ below, ready for a redistribution. :

Tor amore particniar delineation of the gev-
eral parts of said cirgular port-rule reference
i3 made to the annexed drawings marked ¥x-
ample 9, Figs, 1 and 2. =

'The signaf-lever, Hxample 9, Fig.3, cousisis,
firsi, for use with ihe straight pori-rale, Bx.
ample 8, Fig. 1, A, of a strip of wood of any
length from six to twaenty-four inches, resting
apon o pivot, 4, or in 2 notched pillar feraed
into o fulerom by @ metal pin, @, passiog
throngh it and the Jever. At ome eud of the -
lsver a metallic wirs, bent to & semicireniar or
half-square form, as at A, or resembling the
prongs of a fork distended, is attached by its
senter, as described in the annexed drawings,
Hxample 8, at the point marked'A. Belween
said end of the lever and the falcrum g, and

near the latier, on the under side of the lever
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A, is inserted a metallic tooth or cog, b, curved-
- on the side nearest to the fulerum, 2nd jn other -

respects corresponding to the teei: 5r inden.
tations upon the type alread y described. On
the opposite extremity of the lever is a smali
weight, C, to balance or offget, in part, when
_Deeded, the waightof the lever on the opposite
~ - 8ide of the fulerum. The lever thus formed is
‘stationed directly over the railway or groove
D D, heretofore described as forming a con-
uected part of the straight port-rule. The
.moveineut of the type-rule brings the tooth of
each typetherein set in contact with the tooth
or cog of the lever, and thereby forces the le-
ver upward until the points of the two teeth
“1n contact have passed each other, when the
‘lever again descends as the teeth of the type
proceeds onward from the tooth of the lever.
' This operation is repeated as frequently as the

teeth of the type are brought in contact with |

‘the tooth of the lever, By thus foreing the
8aid lever upward and downward the ends of
the semicircular or pronged wire gre made al:
ternately to rise from and fall into two small
cups or vessels of mercury, E E, in each of
which is an end or termination of the metallic

circuit-conductors, first described above. This -

termination of the metallic circait in ‘the two
- CUps8 or vessels breaks and limits the current
of electricity or galvanismn through the cireuit;
but a connection of the ecircuit ia effected or
- ‘Testored by the talling of the twe ends of the
pronged wire A attached to said lever into the
LWo cups, connecting the one cup with the
other in that way.. By the Tising of the lever,
and cousequently the wire upon its end, from

its donnection with said cups, said circuit is in

like manner again broken, and the current of
electricity or galvanism destroyed. To effect
at pleasure these two parposes of breaking and
connecting said cireirit is the desigu of said
‘motion that isimiparted in thebefore-mentioned

manner to said lever,and to regulate this mo- |

tion, and reducs it to thesystem of intelligible
signs before described, is the design and use
of the variations in the form of the type, also
before described.
other eonductor eonnected with the broken
parts of said circait of conductors, and receiv-
ing’ the contact of the wire attached to said
lever; may be substitated, if preferred, for said
capsof mercary. ¥ora particalar delineation

of the several parts of said lever, reference is -

.made to the annexed drawing marked Ex-
ample 8. : o R
The signal-lever consiats, secondly, for use
with the circolar port-rale, Ezample 9, Fig. 3,
- of & strip-of wood, G, with a metallic wire, A,
8t one end, of the form and for the purposes
of the lever already described above, It turns
‘on a pivet or falérum, a, placed either nearthe
middle or in the end of thelever. Af the end
of the lever, at O, opposite to the metallic wire

. A, an elbow, ¢, is formed on a right angle with -

the main lever, and extendin g downward from
the level with the pivot or fuleram sufficiently
for & metallic tooth, H, in the end thereof, cor-

A plate of copper, silver, or_
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responding with the teeth or indentationy of
the type, already described, to press agaiost
the type projecting from the shoulder or cav-
ity of the wheel A, Pig. 1, that forms the cir-
colar port-rale, before described. Said wheel
is placed beneath the said lever, as seen at G,
Fig. 1, in a position to be reached by the ex-
tremity or tooth H of the arm of the lever Just.
mentioned. The tooth H in the arm of the le-
ver is kept in coustant contact with the type
of the cirenlar port-rule by the pressure of a
spring, B, upon it, as deseribed in the annexeil
drawings marked Example9,at B. Figs.1and
3 in the sane example exhibit sections of the .
said lever. The action thus produced by the
contact of the teeth of the type in the port-
rule, when said wheel is.in motion, with the
tooth in the armof thelever, lifts up and draps
down the opposite extremity, A, of said lever,
baving the metallie wire upon it, as the tooth
of said lever passes into or out of the indenta.
tions of the type,and in the same manner and
to the same effect as the first-described lever
rises and falls, and accordingly breaks and
closes the cirenit of condnctors, as in the for-
mer justance.. In the use of this cireular port-
rale and its appropriate lever, Fig. 3, type
may be used having the points of their teeth
and their indentations shaped as counterparts

-Or reverses to those delineated in the annexed

drawings heretofore referred to and  marked
Exawples 4, 5, and G, and thereby the forms
of the recorded signs will be ehanged in a cor-
responding manner,

The register.consists, first, of a lever of the
shape of the lever connected with the circular
port-rule above described, and is delineated in
the annexed drawings marked Example 10,
Figs. 1, 2, and 4, at A. Said lever A ¢perates
apon a faleram, a, that passes through the end
that forms the- elbow @, upon the lower ex-
tremity of which, and facing an electro-mag-
het, is attached the armatire of a magnet, f.
In the other extreme of the lever, at, B is in-
serted one or more pencils, fountain - peng,
printing-wheels, orother marking-instrnments,
as may be seen in the Fig. 4 of. the example
last mentioned, atletter B. The maguoet ig at

letter C in the same figure,

Secondly, of a cylinder or barrel of metalor

"wood, and covered with cloth or yielding coat.

ing, to turn upon an axis and occapying 4 po--
sition directly beneath the ‘pencil, foontain-
pen, printing-wheel, or other marking-ingtru-
ment to be used, as exhibited in the last-inen-
tioned -example of drawings, Fig. 4, D. Two
rollers, marked b & in said fignre of drawings,

-are connected with said cylinder, on the apper-.

side curvatures thereof, and being connected
with each other by two narrow bands of tape
passing over and beaeath each, near the ends
thereof, and over the intervening sarface of
the. cylinder, in 8 manper to canse a friction
of the bands of tape upon the latter when in
motion, a8 delineated in the last-named exam-
ple, Fig. 4, at paints marked ¢ ¢ ¢. . The dis-
tance between said bands of tape on the roll-
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ers is such as to admit of the pencil, or other
marking instrument in the lever, to drop ap-
on the intervening space of theeylinder. Near
by said cylinder is a spool to turn on an axis,
and marked & in the said figure, to receive
- any desired length of paper or other substancs
formed into stips or a eontinuous ribben, and
for the purpose of receiving a record of the
signs of intelligence eommunicated. Whlen
the register is in motion one end of the daper
on said spool being inserted between the un.
der surfaces of said two rollers, nuder the
strips of tape that connect them and the oyl-
inder, itis drawn by the friction or pressure
thus caused upon it forward from said spool
gradually, and passed over said eylinder, and
is thence deposited in a box on the opposite
side, or is eut off at any desired length as it
-passes from the eylinder and rollers.
" Thirdly, ofan alarm-bell, A, Exawple 10, Fig.
5, which is strack by meansof alever-haminer,
B, that is acted apon by a movable cog, b,
placed npoa an axis or pin, &, that confines it
in the lower extremity of a pendulum-lever,
(marked E in Fig. 5 of Example 16,) having:
an armatare of a magnet attached to it &t d,
and acted upon by an eleetro- magnet;, o,
placed near it and the before - pamed magnet,
and in the same eireuit of eonductors with
ths latter, Said cog & moves ina guarier-gir-
cls only, a8 the motion of said arm of thelever

passes backweard aond forward in the act of |

recording, as hersinafter described. When
forced intoa horizontal positioninsaid quarier-
cirele it ceases to act npon the hatemer; bus
when moved from a perpendicular positien b
presses upon the projection in the end of the
hammer, eausizg the opposits endof tha harn-
met io be raised, {rom which elevation it again
falls npon a stationary bell, A, as scon as said

cog reaches z horizontal position, and ceases, as |
hefore mentioned, to press upon the hamiper. |

Thus g notice, by sesad or an alarm, is given
at the poiat to which intelligence is to be com-
municated as soon as the register begins o
act, and such sound may be continued or not,
at pleasure, for the purpose meniioned cr for
any other uses,as the hammer shall be sus-
pended or not from contact with the bell, or
" withany oumberofbelisthat may beemployed.
Fig. 5 of seid example, marked 19 in the an-
nexed drawings, represents sections of said
hamnmer and beil. - o

Said several paris of the register are set in
wmotion by the communication to oraction up-
on the before - named armature of & magoet,
attached to the lever of the regisier, of the
electric or galvamic current in the circuit of
‘conductors, and from. an_electro - magnel in
‘said cirenit, as befora described, stationed
near the said armature. As said armatuzre is
drawn or attracted from its stationary and
horizontal position toward the said magnet
when the latter is-eharged from the eircuit of
conductors, said lever is turned upon its fui-
erum, and-fhe oppositeend thereefnecessarily

deseends and brings tlre pen, or marking-in-
strument which it contaivs in countact with
the paper or other substance oul the revolving
cylinder direetly beneath it. As said arma-
tare ceases to be thus drawn or attracted by
sail magnet, a3 is the case as soon as said
magnet ceases to bs charged from the cirenit
of eonduetors, or as the current in said eirenit
is broken in the manner liereinbefore de-
acrided, the said armature is forced back by
its own specific gravity, or by : spring or
weight, as may be needed, o its former posi-
gion, and the pen or marking-instrument in
she opposite end of the lever is again raised
from its contact with the paper or oiher snb-
stance on the before-named revolving cylin-
der. This sawme action is communicated simul-
taneously from the same cirenit of conductors
to as many registers as there are correspond-
ing magnets previded within any cirenit and
at any desired distances from each other.
The eylinder and its two associate rollars -
are saf in motion simultaneously with thefirst
motion of the lever by the withdrawal of 2
small wire or spindle, g, Example 10, Figs. 3
and 5, from beneath ohe branch of a fly-wheel,
%, that forms a part of thé clock machinery
hereinafter namad. Said wire gis withdrawn
by the action upon said wire of a small elec-
tro-maguet, o, Figs. 2 and 5, stationed iu the
cirenitznd near thelarge magnet bpfore named,
as delineated in Fig. 5 of Example 10. Said

! eviinder and roliers are subsequently kept in

motion Dy a trainof wheels similar to comumon
clock-wheels, as in Figs. 2 aud 3, acted hpon
by a weight, Taised as oceasion may require by
2 hand-crank, and their motion is regulated
by the same wheels to eorrespond with the
aciicn of ths registering-pen or marking-in-
stenment. Haid train is represented in igs.
1, 2, and 3 of said Example 10.

The plectro-imagnebthus usedismade i any
of the asnal modes, such as winding insalated
eopper wire, or strips of copper, or tin-foil, or
other metal aronnd a bar of soft irou, cither
straight or beny into 5 circular form, and hav-
ing the two extremities of the coils connected
with the gircuit of couductors,so that the evils
around the magnet make part of the cirenit,

Ts extend wnore effectually the length ofany
desired cirenitofeondnctors,and to perpetaate
tha power of tho elestrie or galvanic curreng
equally throughount the same, I adont the fol-
lowing mode, andalso forconnecting and using
any desired nunmber of additional and infer:
vening batteries or generators of said eurrent,
and for conneeting progressively any number
of consecutive circuits, viz: Placeatany polzt
ir a sirenit an electro-magnet of the denowmi-
naiion alrezds described, with an armaiurs
nnon a lever of the form and structure, and in
the position of that used at theregister to hoid
and operate the marking-instrument, with only
2 snbstitution therein forsuch marking-instro-

ment of a forked wire, A, Hxample 9, Fig. J,

like that upon the end of the signal.lever here-
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-tofore deseribed. Direetly beneath. the latter
wire place two cups of merenry, E E, or two

metallic plates joined to terminations of 8 cit-
“cunitleading from the fresh or additional battery
. Or generator of said circnit inthe same mannper
a8 they are to be provided in the first circuit of
conductors at the points where the cupsof mer-
cury are hereinbefore described. As the car-
rent in the first cirenit acts upon the magnet
thus provided the armature thereof -and lever

are-thereby moved to dipthe forked wire A"

into the cups of the second circuit; as in the
circaitfirst described. This operationinatantly
connects the break in said second circuit, and
thusproduces an additional and original power
or current of electricity or galvanism from the
battery of said second ecircuit to the magnet
- ot maguets placed at any one or more points
In such eircuit, to be broken at pleasure, asin
. the first cirenit; and from thence by the same
. Operation the same results may again be re-
peated, extending and breaking at pleasnre
such currentthrough yet another and another
- circuit, ad infinitum, and with as many inter-
_ vening registers for simultaneous action a8
may he .desired, and at any distances from
each other, ' s
‘The dictionary or vocabulary consists of
words alphabetically arranged and regularly
nunibiered, beginning with the letters of the al-
. phabet, so-that each word in the language has
its telegraphic number, and is designated at
--pleasure, through the sigus of nomerals.. ... - ..
The modes which I propose of insalating the
wires or other metal for condactors, and of
laying the cirenits, are various.: The wires
may be fusulated by winding eacl wire. with

8ilk, cotton, flax, or bemp, and then dipping

. .them into a solution of caoutchouc, or into a
- solation of shellac, or into pitch or resin and
‘caoutchouc, They may be laid through the
air, inclosed above the ‘ground, inthe ground,
or in the water. When throngh the air they
may be ingulated by 4 covering that shall pro-
tect them from the. weather, such as coiton,
flax, or hemp, and dipped into auy solution
which is a .non-conductor, and elevated npon
pillars. When in closed above the ground they
may be laid in tnabes of iron or lead, and thess
again may be inclosed in wood, if desirable.

When laid in the gronnd they may be inclosed .

in iron, leaden, wooden, or earthen tabes, and
baried beneath the surface. Across rivers the
circuit may be carried beneath: the bri"dfes,'or,"
~ where there are no bridges, inclosed in lead or
iron, and sonk at the ‘bottom; or stretched

across, where the banks are high, upon pillars:

elevated on each side of the river. -
~What I claim as my invention, and desire

to secure by Letters Patent, is as follows :

. 1. The formation and arrangement of the

.several parts of mechanisui gonstitating the

typd-rule, the straight port-rule,

- - port-rule, the two signal-levers, and the regis-

-

“terlever, and alarm-lever, with. its hammer, |

the circular

‘a8 combining respectively with each of said

levers one or more armatures of an electro.
magnet, and as said parts are severally de.
scribed in the foregoing specification. "
2. Tle combination of the mechanism con-
stituting the recording-cylinder, and the ac-
companying rollers and train-wheels, with the
formationand arrangementof the soveral parts
of mechanism, the formation and arrangement
of which are claimed as above, and as de-
‘8eribed in the foregoing speeification..” . -
3. The use, system, formation, and arrauge-

ment of type, and of signs, for transmittingin-- .

telligence between distant points by the ap-
Pplication of electro-magnetism and metallic
conductors combined with mechanism. de.’
-seribed in the foregoing specification. o

4. The mode and process of breaking and
connecting by mechanism currenta of elecs .
tricity or galvanism in any circait of metallie
conductors, as described in the foregoing speci-
cation. - : i . 3

5. The mode and process of propelling and
vonnecting currents of eleetricity or galvan-
ism in and through any desired number of cir-
caits of metallic condoctors from any knowa
generator of electricity or galvanism, as de-
scribed in the foregoing specification. _

6. The application of electro-magnets by -
means of one or more circnits of metallic con-
.dactors from any known generator of elec-
tricity or galvanism to the several leversinthe
-machiverydeseri ia-tha. foregoing specif- .-
tion, for the purpose of imparting motion to
said levers and operating said machinery, and

| for transmitting by signs and sounds intelli. -

gence between distant points and simultane- .
ously to different points. " i ;
7. The mode and process of recording or
marking permanently signs of intelligence
transmitted between distabt points, and sj.-
~multaneounsly to different points, by the appli-
~cation and use of electro-magnetism or gal.

vanism as described in the foregoing pecifi-

“cation. C o S
8. The combination and arrangement of -

electro-magnets in one or more gircaits of me-

tallic conduetors with armatures of magnets

for transmitting iotalligence by sigus aud
sounds; or either, between distant points agd
to different points simnitaneously. . e
9. The combination and mutual adaptation
of the several parts of the meshanism and ?a- ‘
tem of type and of signs with.asd to the dio- -
tionary of.vocabulary of words, a8 described
in the foregoing specification. R
- In testimony whereof I, the said SAMUzL F.
B. Monsg, hereto subscribe my.name in the -
Ppresence of the witnesses whose names are
hereto snbscribed, on the 7th dayof April, A,

D. 1838 : B ,
- .. . .,SAML. F. B. MORSE.- -
- Witnesses: ~ - s ' :
- B. B. FRENcH,
CHARLES MONROE:
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- UNITED STATES

PATENT OFFICE.

ELIAS HOWE, JR., OF CAMBRIDGE, MASSACHUSETTS,

IMPROVEMENT IN SEWING-MACHINE_S.

Rpecifieation forming part of Letters Patent No. 4,730, dated September 18, 1546,

Yo all whotiv Z& may concern:

Be it known that I, Erras Howe, Jr., of
Cambridge, in the eounty or Middlesex and
State of Massachusetts, have invented a new
and useful machine for sewing scams in cloth
. orolhier articles requiving to be sewed; and

I do hereby declare-that thefollowing is a full
and exact deseription thercof.

In gewing a seam with my machine twe
threads are employed, one of which threads is
carried through theeloth by means of a enrved

_ucedle, the pointed end of which is to pass
through said eloth. 'The needle used has the
eye that is 10 receive thethread within asmall

~distanec-—say, an eighth of an inch—of its in-
nor or peinted end.  The other or outer end
of the needle is held by an arm that vibrates

oh 2 pivot or joint pin, and the eurvature of

the needle is such as to correspond with the
Iength of the arm as its radins, When the
thread iscarvied through the cloth, which may
be done to the distance of about three-fourths
of an inch, the thread will be stretehed above
the curved ncedle, something in thie manner
of a bow-ztring, lcaving & small open space
hetween the two. A small shattle earrying o
bobbin filled with sillcor thread is then made
to pass entively through this open space be-
tween the needle and the thread which it car-
ries, and when the shuttle is refurned, which
is done by means of a picker-staff or shuttle-
driver, the thread which was carried in by the
‘needle 1s surrounded by that received from
- the slmitle, and as the needle is drawn out it
forecs that which wus received from the shut-
tie into the body of the cloth, and as this op-
eration is repeated "a seam is formed which

has on each sideof the cloth the same appear-

ance as that given by stitching, with this pe-
caliarity, that the thread shown on one side
of the cloth s exclusively that which was
given ont by the needle, and the thread seen
‘on the other side is exclusively that which was
given out Dby shuttle. It will-therefore be
seen that w stiteh is anade ab-évery back-aud-
forth movementof theshuttle,. Thetwo thick-
nesses of eloth that are to be sewed are held
upon pointed wires which project ont from a
metallie plate, like the tecth of a eomb, but at
a congiderable distance from each other—say
three-fourths of an ineh, more or less—ihese
pointed wives sustaining the cloth and an-
swering tlie purpose of ordinary basting. The

ab pleasure.

t metallie plate from which these wires project

has numerous holes through it, which answer
the purposeof rack-teeth inenabling the plate
to be moved forward by means of a pinion
as the stitehes are faken. The distance to
which said plate is moved, and consequently
the length of the stitches, may be vegulated

In the accompanying drawings, Figure 1 18
a front elevation of the mmachine; Fig. 2, an
end elevation thereof, and Fig. 3 a top view,
The othoer fignves represent seetions and parvks
in detail, which will be presently explained.

A Ais the bed or base of the machine, and
B B standardsrising therefrom, which sustain
the main shaft and other parts of the appa-
ratus, : .

C Cis the main shaft, which carriesthe cams
that operate the needle, the shuttle-drivers,
and other parts of the machine. D is a fly-
wheel, and I3 a winch, on said shaft. i

F is & bobbin on which the silk is wound.
thas is to supply the needle. e

{1 is the needle-arm, that carries the enrved
needle ¢ This is seen most distinetly in the
end elevation, Fig, 2.. The thread from the
hobbin I passes round a small friction-rolier,
b, or roundl a smooth groove in the situation
of said roller, then up through the eye of the
needleat e, which eye issitnated neartothe nee-
tle-point. The cloth is stuck on the points .
d d, that projeet from the metallic plate H,
which Iwill eall the ¢ baster-plate.’” This plate
is shown most distinetly in the top view, Fig,
3. When the thredd e is earried through thé
cloth by the ncedle «, the upper portion of
said thread will be above the needle amd will
allow the point of the shuitle(to be presently -
described) to pass between them. To cnable

it to enter veadilyy the needle, after entering

the cleth, is immediately drawn back .fo a
short distamee, which opens the loop slightiy.
The cam which operates the needle-arm be-
ing so formed as to cause such drawing back,
the shuttle will,"in order to give itself the

_necessary room, draw a portion of the thread

which had been given -out by the needle
throngh the dloth, said thread having been
left in a Joop or slack state for that purpose.
Fig. 4 represents a part of the same portion
of the machine that is shewn in. Fig. 2, bat’
with the needle-arm down and with the ndedle
passed through the cloth, 1 isthe'cloth, (seen
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- in section, but not shown in any of the other
figares.) ¢ is the loop orslack thread formed
on the outside of the cloth, and which is to be
drawn through it by the passing of the shuttle.

I in the respective figures is the shuttle box
or trough, ‘within whicl: the shuttle is moved
baek and forth by means of the picker-staves
or shuttle-drivers J J. In Fig. 51 have given

. a top view of this box with the shuttle K within
it. This shuttle is in its general construetion
similar to the larger shuttle used in weaving,
-and its spool ¢ is capable of eontaining an or-

dinary skein of silk., The shuttle-box I is.

represented as made convex on its under side,
by which it is adapted to admit a baster-plate
that may be in & curved form, although for
most purposes a straight baster-plate may be
tsed. The pieces marked {4 arelight springs
above the shuttle, which bear slightly upon it
and serve to steady its motion. "The shuttle-
drivers work on joint-pins, as shown at j, Pig.
2, there being a corresponding fixture for the
drivers on the other side. :

L, Fig. 3, isthe cam that operates the shut- -

tle-drivers, on the upper ends of which driv-
ers there may be frietion-rellers 7 . The
cam I aets upon the shuttle-drivers alter-
nately. _ :

M, Fig. 5, is a sliding box fitted into the
shuttle-box and moved back and forth in the

rear of the shuttle by one of the drivers, and.

N is a corresponding sliding piece moved by
the other driver and adapted to the fore or
" noiuied end of the shutfle. The needle-arm
is attached to the rock:shaft O, Fig. 1, which
vibrates on a center pin or pivets, and from

this shaft rises an arm, P, that earries a pin

and fricbion-rollér, &, which enters a space, 7,
in the cam Q,which space operates as a zigzag

groove, and is of eourse so formed as to give:

the proper vibration to the ncedle-arm. There

- i8 4 groove or narrow channel made across the
bottom of the shuttle-box to reccive the nee-
dle, in order that its apper part may be even
with said bottom and allow the shuttle {o pass
freely over it. :

The baster-plate H, Fig. 3, which receives
the cloth to be sewed, is furnished with a row
of small-holes, # am, drilled at a rvegular dis-
tance from each other, serving the purpose of
rack-teeth, and into these ronnd pinion-teeth
enter for the purposc of carrying tle plate
forward to a proper distance at every stitch.

Fig. 6 shows the prinecipal portion of the
feeding apparatus as it would appear were a
vertical section made through the machine in
the line z x of Fig. 3. Risa cam on the cam-
shail C, that vibrates an arm, S, earrying o
feeding - claw, T, thai takes into a ratchet-
wheel, U, on the shafs ¥, which shaft erosses
the bed A of the machine, its fore end being
seen at 'V, Fig. 1. This shaft has on it near
its fore end the pinion that carries the pins or
teeth that take into the holes m in the baster
and cause it to advance between every stitch.
The length of the stitch may be regulated hy
regulating the play of the arm 8, ané this is

“in placc,

effected by the regulating-screw », Fig. 3, that
moves a pin back and forth that servesasa
stop to said arm. The pin is represented by
the"dot 9, Fig. 6, and is seen at o, Figs. 2 aud
3. p isaspring that retains the ratechet-wheel
in place as the claw is taking a new hold. ¢
is a spring for holding the arm § against the
cam. -

In sewing with this machine, the thread from
the bobbin Fis passed overanoteh, », Fig. 1, at.
theupper end ofthe needle-arm,and is returned
through the notch o7, It then passes down in
front of said arm, then around the rotler b, and
throngh the needle-eye. To regulate the giv-
ing out of the thread from the bobbin, friction
is made on it by the semicireular clasp s, that
is made to press on it by a spring, ¢, regulated
by a tcmpering -screw., IBefore the needle
passes through the cloth the thread, which ex-
tends from the needle-eye to said eloth, is
raised or drawn up by a lifting-pin, so as to

-form the loop ov slack, which is snbseyuentiy

0 be drawn in by the passing of the shattle
between the thread and the needie. |

W, Figs. 1 and 2, is a lifting-rod, from the
side of which projects the lifting-pin «.  ‘The
lifting-rod is attached at its upper cud to a
crank-arm, », which works on & shaft, w, and
this shaft is made to vibrate by means of the
cam & on the cam-shaft. .This cam operafes
on a frietion-roller, %, on a short arm on the
inner end of the shaft «. The. Jifting - rod
stands in front of a plate, X, Figs. 1 and 2,
which is attached af its upper end to the frume
of the machine, and hetween the lower end of
{his plate -and the shuttle-bhox the cloth is to
pass. The plate X is furnished with @« hinge:

Joint at its upper end, in order that its distance.

from the shuttle hox may be regnlated to suil
cloth of different thicknesses.

Y, Fig. 1, is a set-serew, by which it is held
From the Dack parvt of the lifting-
rod proceeds a guide-pin, 2, that moves the.
lifting-rod Iaterally, so as to govern the aetion -
of the lifting-pin w. This guride-pin works
against guide-picees o' ¥, affixed on the frout
of the plate X. The doited lines show the
groove formed by the pieces ' &, along which.
the guide-pin 15 to pass. The lifting-rod is
carried toward the piece ¥’ by nieans ofa spival’
spring around its shaft, or 1n any other con-
venient mode.  In tlie position in which the
apparabus is shown in Fig. 1 the lifting-pin

'is partially raised, and will have lifted the

thread. In ralsing it the guide-pin passes
throngh the groove between «' %, (shown by
detted lines,) aml when at the upper end of
this groove the needle-arm acts and carvies
the needle through the cloth. On the side of
the needle-arm there is a projecting piece, ¢,
the inclined edge of which, coming in coutach
with the lifting-vod, pushes jt-laterally over
theangular point of the piece «, and the crank-
arm v descending b this moment, ihe lifting-
pin is withdrawn from the thread, which is
thereby leoft slack to o sufficient extent furr the
vurpose designated. '
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The shuttle (shown separately in Fig. 7) has
a hole, &, through its side for the thread to
pass from the spool; and a slot, f* 77, is made
through the side of the shuttle-box to allow of
the play of the shuttle-thread back and forth.
At the time when the shuttle hag completed
i{8 passage hetween the needle and its thread,
the needle is te he withdrawn from the cloth;
and when this is taking place, it is neccessary
that the shuttle-thread should be held firmly,
or the withdrawing of the needle, instead of
drawing the shuttle-thread firmly into the
hody of the cloth and making a perfect geam,

would draw a portion of it from the spool and |

. cause it to pass entirely through said cloth.
In ¥ig. 1, ¢/ is the outer end of a lever which
is made to rise at the proper moment, and to
¢lip the thread between it and the upper edge
of the slot f'. Thislever is scen in Fig. 2, its
fulerum being at 2. The rod ¢ serves to de-
press the inner end of said lever and to raise
" its ouler end, the cam j” on the camn-shaft per-
forning (his office, .
The sliding box M does not bear directly
against the rear end of the shuttle-box, bhut
has a pin, @/, projecting 1rom its fore end,
which pin aets against the shuttle.
w’ constitutes o part of @ small Jever shown
separately in Fig. 8, 'The part o' of this lever
ig received within a suitable slot in the slid-
ing Dox M, and it turns on & fulerum-pin, ',
When the shuttle has passed throngh the loop
furmed by the needle-thread, it is réceived upon
the pin o', and. as the needle is retracted the
1hread will be drawi taug npon said pin. . At
this time {he head of an adjustable spring-
picee, & &, bears against the end o' of the
#=mall lever, and the foree of its pressure has
to be overcome before the thread eseapes from
the pin, whieh it does by deawing over against
1the power of the spring.  As the Joop then
eseapes, itwill deaw up the filling-thread from
{he shuitletivmly against the cloth and em-
hed it within it.  The head of the spring %
passes throngh a mortise in the shuttle-hox,
us shown hy the dotted Tines, o is an adjust-
Cing-serew by which the foree of the spring %
tway be regulated,

The pin.

Having thus fuliy deseribed the manner in
which I construct my machine for gewing
seams, and shown the operation thereof, what
I elaim thereinas new, and desive to secure by
Letters Patent, ig— ' ;

1. The forming of the seam by carvying 2a
thread through the eloth by means of a curved
needle on the end of a vibrating arm, and the
passing of a shuttle farnished with its bobbin,

inthe manner set fovth, between the needle and

the thread which it carries ander a eombina-
tion aud arrangement of parts substantially
the same with that deseribed.

2, The lifting of the thread that passes
through the needle-eye by means of thelifting-
rod 'W, for the purpose of forming a leop of
oose thread that is to be subsequentfly drawn
in by the passage of the shattle, as herein
folly described, said lifting - rod being fur-
nigshed with a lifting pin, %, and governed in
its motions by the guide-picees and other de-
viees, arranged and operating substantially as
deseribed. S . ;

3. Thoe holding of the thread that is given
out i}y the shuttle, so as to prevent its un-
winding from the shuttle - hobbin afteyr. the
shuttle has passed through tlie loop,said thread
being held By means of the lever ov elipping-
piece g, as hercin made known, or in any
other manner -that is substantially the same
in its operation and result. - .

4. The manner of arranging and commmng
the small lever #” #” with the sliding hox M,
in combination with the spring-piece Z, for
the purpose of tighfening the stitch as the.
needle is retracted, as deseribed.

5. The holding of the cloth to be sewed hy
the use of a baster-plate furnished with points
for that purpose, and with holes enabling it to
operate as a rack in the manmer seb forth,
thereby carrying the cloth forward and dis-
penging altogether with the neeessity of hast-
ing the parts together.

-ELTAS HOWE, Jxu.
“ Witnesses:
' THos. P. JONES,
GrorGE FIsHER.
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UNITED STATES

PATENT OFFICE.

NICOLAUS A. OTTO,0OF DEUTZ, GERMANY.

IMPROVEMENT IN GAS-MOTOR ENGINES.

Specification forming part of Letters Patont No. 194,047, dated Angost 14, 1877 ; application fled
: July 13, 1876.

To all whom it may concern:
Be it known that I, NICOLAUS AUGUST

Orr0o, of the Gas-Motoren Fabrik- Deutz, at
- Deatz, in the German Bmpire, Lbave invented

an Lwproved Gas-Motor Engine; and do Lere-

-by declare  that the followiug deseription,

talzen in counection with the accompanying
sheets of drawings, hereinafter referred to,
forms a full and exact specification of the
same, wherein I have set forth the natare and
principles of my said improvement, by which
my invention may be distinguished from oth-
ers of a similar class, together with such parts
as I claim and desire to secure by Letters Pat-
ent—that is to say:

. In gas-motor engines as at present con-.
structed, an explosive mixture of combustible

gas and air is introdaced into the engine-cyl-
inder, where it is ignited, resulting in a sudden

- development of heat and expansion of the

gases, a great portion of the useful effect Le-

ing Jost by absorption of heat, unless special-

provisions are made for allowing the gases to
expand very rapidly.

According to my present inveution an in-
timate mixture of combustible gas or vapor
and air is introdueed-into the eyliuder, to-
gether with a separate charge of air or other
gas, that may or may not support combustion,
in such a manner and in such proportions that
the particles of the combustible gaseous mix-

" ture are more-or less dispersed in an isolated
" eondition in the air or other gas, so that on

ignition, instead of an explosion ensuing, the
flame will be ecommunicated gradually from
one combustible particle to another, thereby
effecting a gradunal development of heat and a
corresponding gradual expansiou of the gases,
which will enable the motive power so pro-
duced to be ntilized in the most effective man-
ner. :
In order more clearly to deseribe my inven-
tion, I will refer to the accompanying draw-
ings, in which Figure 1 shows a longitudinal
section of an engine-cylinder, A, having a pis-
ton, B, conuected to a fly-wheel shaft, aud a
port or passage, C, for the admission of com-
bustible gaseons mixture aud. air, controlled
by the slide D, and having also a passage, B,
for the emission.of the products of combus-
tion, closed by a valve, F. Assuming the pis-

ton to be at the end of its instroke, its bottom .
surface being represented by the dotted line -
a, while the glide D is in such a position that
its passage D! establishes a eommunication
between the onter air through the aperture
D? and the port C, then, on the piston com-
meneing its ontstroke, it will draw in atinos-
pheric air until it arrives at the point indi- -
cated by the dotted liue b, when the slide will
have been moved so as to cut off the air-sup-
ply and establish a communieation between
the passage (in the slide-eover, for au inti-
wate mixture of coal-gas or petroleum: vapor
and air, (ia such proportions that the mixture
will burn of itself, but, owing to the preseuce of
the first admitted air, will not explode,) and the
port C through the passage DY On the ¢on-.
tinued motion of the piston, combnstible gase-
ous mixture. will conseqaently be drawn in-.
until the piston has arrived at a poiuot, ¢, when -
the slide will have moved into the position
shown, catting off the gas-supply, and abous
to establish a communication Letween the
small gas-lame H and the charge in the cyl- -
inder, for the purpose of igniting the latter. -
The combustible gaseous mixture, in enter-

-ing the eylinder behind the charge of air pre-

viously admitted, will, to a certain extent, mix
with the latter, thoe particles of the combusti-
ble mixture being close together in and near
the port O, .and becoming more and more dis-
persed in the air as they approach the piston,
as indieated by the dots in-the drawing, which
represent the combustible parficles. Thus, on
the ignition of the charge in the port C, the
gasecus mixgure will at firset burn with com--
parative rapidity, the flame spreading from
particle to particle; but asthe ignition extends
toward the front end of the charge; it will pro-
ceed more aud more slowly, owing to the com-
bustible particles being farther and farther
apart.

The burning particles impart their heat fo .
the surrounding air, producing a gradually .
increasing pressure in the cylinder, which
causes the piston to complete its outstroke.
Motion being thus imparted to the Hly-wheel.
by the piston-rod, its momentum causes the
piston to perform its return stroke, whereby
the products of cowbustion are expeiled
through the valve K, and, the fly-wheel also -




s a t Lol (L SRRE T AT

“theeylinder.
. gases either at atmospheric pressure or com-

2 194,047

cansing the piston fo commence its next ont-
stroke, a fresh charge of air and combustible
mixture is drawn in, as before described.

In order to vary the power of the eugine,
the eharge of combustible mixture (represented
by the space ¢ to b) may be variéd, as may
also the proportions of air and coal-gas or va-

" por of which it is eomposed, and such varia-

tion may be controlled Ly connecting the valve:
gear with any sunitable construction of gov-

_ernor, as will be presently described.

From the foregoing general desecription it

will be seen that as in the improved mode of

_ operating there is no sudden explosion of the
. --gaseous charge, but a gradual development
" of heat and expansion of the gases, there will
“be nosuch losses of effect as result in gas-en-

ginés of present construction through shocks
produced by the sudden development of motive
power, and by the absorption of heat conse-
quent upon the inability of the gases to ex-
pand with safficienf rapidity.

-The above-deseribed benecficial effect of

- the improved mode of working will be further

increased by the fact that the charge of air

.interposed between the combustibie mixture

and the piston will operateas a cushion or buf-
fer in gtill further reducing the saddenness ol
the expansive force generated as it trausniits
it to the piston.

Engines operating according to my inven-
tion may cither be single-acting—the raturn
stroke being effected by the momentum of the

- fly-wheel—orthey may be double-acting, a gas-

eous charge being introduced at cacht end of
They may also operate with the

pressed to any desired degree. In the latter

_ case the engine may be arranged in a similar

mannper to that above deseribed, the gases be-
ing compressed by any suitalile kuown means
before beiug introduced into the engine; but,
by preference, I dizpense with any saeh addi-
tional compressing mechanism by arranging

* the engine to operate in the manner I will now
proceed to deseribe with referonce to Figs. 2.

to 13 of the drawings, of which—

Fig. 2 shows & side elevation; Fig. 3, asec-
tional plan; Fig.4, a back-end view,and Figs.
5 to 13 details of the valve-gear. ;

The eugine is here represented as being

~ single-acting, the cylinder A being open to the

atmosphere at its front end. At its closed
back end it has a space, A/, beyond the stroke
of the piston B, which space 1+, by preference,
made conical at the end, as shown, tapering
to the imlet-port O for cowmbustible gas and
air, and also communicating by the passage
E with the escape-valve F, Fig. 3; for the pro-
ducts of combustion.

The piston B is ecounected by the rod B to
thecrank-shaft I,on which is a bevel-pinion, I’,
in gear with a bevel-wheel, K1, on & shaft, K.
On the other end of this shaft is & erank, K2,
connected by a link, D?, to the slide D, gov-
erning the admission of gas and air to the

" oylinder. The gearing I’ X! is so propor-

tioned that the erank K2 makes ongrevolution,

and, consequently, the slide one to-and-fro

motion, while tbe piston makes two double
strokes, , ’

The mode of operating with this engive is
as follows: Assuming the piston to be at the
end of its instroke (represented by the dotted
line a, Fig.3,} and about to be moved through
its outstroke by the mowentum of the fly-
wheel M, theu, the slide D (the construetion
of whieh will be presently explained) beiug in
position to admit atmospheric air through the

‘passage D! and port C, air will be drawn into

the cylinder until the piston has reached the

_point represented by the dotted line b, when,

the slide having established a communica-
tion with the combustible-gas supply and- the

cglinder, combustible gas intimately mixed -

with air will be drawn in until the piston Las.

arrived at the end of ils outstroke, the posi-
tion shown at Fig. 3. As before explained
with reference to Fig. 1, the combustibie gas-
eous mixture, in entering, will mix to & certain
extent with the air previously introduced, the
particles of gaseous mixture being close to-
gethier at the back end of the cylinder; and
more and more separated from each other to-

ward the front end. The siide baving moved

s0 as to close the inlet-port C, the pisten: is
caused, by the momentun of the fly-wheel, to
perform its instroke, whereby the charge of

gaseous mixture and air $hat filled the eylin- |

deratatmospheric pressure will be compressed

into the space from the line & to the back end

of the eylinder, the particles of gaseons mix-
‘ture remaining in mach the same unequally-

distributed coudition in the air as they did be-

fore compression. The slide now establishés
acommunication between the gas-flame H and
the interior of the c¢ylinder, so as to ignite the
charge, resulting in a gradual development of
heat and expuusion of the gases, as before ex-
plained, whereby the piston will be eaused to
perform its outstroke, imparting fresh mo-
mentumt to the ‘fly-wheel, This momentum

will again cause the piston to perform its iu:

stroke, whereby the products of combustion
will be expelled through the valve F, which

has been: opened by the lever N, acted on .

by a cam, O, on the shaft K. As the -pis-
ton only moves back to the line @, it will be
sech that a certain portion of the produets of
combustion will remain in the cylinder, and
will consequently mix to & certain extent with
the air drawn in behind them-at fhe next out-
stroke; but as the mixture of combustible gas
and air afterward introdunced will burn. inde-
peadently of the air or other gas surrounding
its particles, it will be seen that the presence
of such products of combustion-in the charge
will be of no consequence.: _
As before stated, the power of the engine
may be regulated by regulating fhe quantity
of combustible gas introduced at each charge.
This ig effected by the gas-slide P, controlled by
the governor (3, operating on the sliding cam
1} as follows: Hig. 5 shows an eunlarged front



view of :ithe : é;as-s'lide v Figs. 6and 7, vertical
In

scetions,-and ‘Fig. 8 a plan, of the.same.
the casing of the slide are formed :two pas-
sages, G1-and*G? the former communicating
with a pipe, G% leading to the gas-passage G
. in the slide D, and the other with the: gas-
supply-pipe G* "These passages -have small
side openings, as show, which, when the glide
~ is in the position :shown in Fig. 7, both com-

municate with the cavity of the slide I, so
that gas can pass from G?iuto G, and thence
into:the passage G of the slide ID. When the
. slidle is moved into the position shown in-Fig.
6, this' communication, and-consequently the
gas-sapply, is eut off.
2 small roller, PL, upon a cam, R, which re-
volves: with, but can ‘slide somewhat upon,
the shaft K, the rdising of the slide being ef-
fected by the cam, while its downward motion
is-effected by the spring P* According as
. the cam is shifted relatively to the roller P!
by thie action of the governor Q and lever @},
. {which has.a fork taking into a eollar on the
cam, as'shown,) the slide is made to establish
the communication between G' and G for a

longer : or a shorter period, thus allowing a

greater or less quantity of the combustible
gas for one-charge :to' pass into the cylinder
A indepeudently ot” the action of the slide D.
The gas-slide P is held against the face of the
casing by a spring, P3, pressing against a
cover, P4, on the back of the slide.

The construetior and mode of operating of
the engine-slide D will be understood on ret-
- erence to Figs. 10 to 13, of which Figs. 10 and
11 represent two longitudinal sections of the
slide and casing on line Z Z, Fig. 12, with the
slide in two different positions, and ¥igs. 12
_and 13 show transverse sections, respectively
on lines X X and Y ¥, Fig. 10,

From the previous deseription of the action
of the engine, it will be seen that there are
four sirokes of the piston required for one
complete operation—nainely, an outstroke for
drawing in the charge of combustible mixture
and air, an instroke for compressing the gases,
a second omtstroke when the. piston is pro-
~ pelled on the ignition of the gases, and a sec-

ond instroke for expelling the products of
comnbustion. The slide D consequently has to
perform one to-and-fro motion while the pis-
ton is performing the above mentioned four op-
eratious, for which purpose, as before stated,

. the slide-crank K2 makes oue revolution while |

the engine-shaft makes two.. The. circle at
- Fig. 9 represonts a diagram of the path of the
crank K? in which the part from 1 to 2 rep-
resents the motion -of the slide duaring the
{ime of drawing in the gaseous charge, the
part from 2 to 3 the motion daring the com-
pression of the charge, 3 to 4 the motion duor-
ing the working stroke, and 4 to 1 the motion
during the expulsion of the prodaets of eom
bustion. - Figs, 10 and 11 each show two po-
-gitions of the slide, Fig. 10 showing, first, its
position at the point I of the erank-path when

The glide P rests with-
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{he air-passage Dt is just about to communi-
-cate with the port G, and, secondly, its posi-
tion at point 2, the gas and air supply baving
just been cut off.. It will be seen thag in the
first position the gas-passage G is also about
to open; but the beforo-deseribed action of
-the gas-slide P will -prevent the admission of
combustible gas until the reqnisite charge of
-air is introduced. Fig, 11 shows, fivst, the
position of the slide at the point 3 when the
flame of the gas jet H is about to be commu-
nicated to the gixeous eharge by a-small guan-
tity of inflamed gas in the passage D?, and,
.secotklly, its position at the point 4 when the
-escape-valve B is abont to be opened. ‘

For effecting the ignition of the cliarge, a
small guantify of combustible gas is made to
pass down a pipe, 8, into a-recess, S/, in- the:
-end of the eylinder; whence it issnes:through
a small channel, D4, in the slide-into the pas-
sage D3 Here it is ignited by the jet H, and
the flame is, by the motion of the slide, con-
veyed to the port C, the slide-cover L being
made to c¢lose the onter opening of -D? before
its inner opening communicates-with 'O, as .
.shown at Fig, 11. S '

The : gas-passage G commurnicates with the
.air-passage’ D' through a number of smail -
-openings; as shown at Figi13, so that the gas,
in issning in small divided jets into D3 be-
comes intimately mixed with the air therein
in the requisite proportfions for produecing the
combustible mixture before described.

The opening of the escape-valve F at the
commencement of the second instroke of the
piston (point 4 at Fig. 9) is effected by the
bell-crank lever F’, connected at one end to
the stem of the valve, and having at the other .
end a roller, F% which is acted upon by the
cam I oo the shaft K. H'is the pipe for con-
dncting away tho produocts of eombustion.

The governor Q is driven by bevel-gearing
from the shaft K, iis arms being made to
move a sliding collar, QF, up or down, thus
imparting motion through the lever Q! to the
cam R, as before described.

The eylinder A is, by preference, provided
with a jacket, as shown. ' Pl ’

As beforosiated, theengine may bearranged
double-acting by providing the requisite valve- .
gear for each end of the cylinder. It wmay
also be arranged in 3 vertical or inclined posi-
tion,instead of horizontal; andif siugle-acting,
or if great regularity of motion be required,
two or.nore engines may be connected to one
aud the same craunk-shaft. ‘ :

Having thus described the nature of my in-
veution, and in what mannper the same is to
be performed, I wish it to be understood that
1 do not claim generally the separate introduc-
tion of combustible gas and air into the cylin-
der of a gas-engine, as I am aware thatis to
‘a cerfain extent described in the English
Patents No. 1,665 of 1857, and 335 of 1860;
but, .

I claim—
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1. A gas-motor engine wherein an inti-
n:ate mixture of combustible gas or vapor and
air is introduced into the eyliwder, separate
from a charge of air or other -incombustible
gas, in such manner and in such proportions
that the particles ot combustible mixture will
be close together at the poins of iguition, but
will be more and more dispersed in the charge

_of air forward of that point, whereby the de-

velopment of heat and the expansion or in-
crease of pressure produced by the combus-
tion are rendered gradual, substautially as
herein deseribed.

2. A gas-motor engine wherein an intimaté
mixture of combustible gas or vapor and air
is introduced into the cylinder separate from
and subsequent to a charge of air, such intro-
duction being effected through an aperture or
apertures in the end surface of the eylinder,
in: order to cause the charge of air to move

forward in the cylinder as the combustible
mixtare is introduced, substantially as and

for the purposes set forth.
3. A gas-motor engine wherein, by one out-

stroke of the piston, separate charges of com-

bustible gaseous mixture and of air are drawn
into the cylinder, which charges are compressed
by the instroke and then ignited, so as to pro-
pel the piston, which, by its return stroke, ex-

pels the products of combustion, substantially
as herein described with referemce to Figs. 2
to 13 of the drawings. :

4. In gas-motor engines wherein charges of

combustible gas and air are introduced sep-

arately into the eylinder, regulating the power

of the engine by controlling the gas-supply

by means of a valve operated by a governor,
substantially as herein described.

5. In gas-motor engines, the shaft K, driven
from the engine-shaft, with crank K2 imparting

motion to the slide D, cam R, for regunlating '

the gas-supply, and cam F3, for opening the
escape-valve I, substantially as herein de-
seribed. ‘ ‘ ' :

6. In gas-motor engines, the combination of .
the eylinder A, piston B, engine-shaft I, coun-
ter-shaft K, crank K2, slide D, gas-slide P, cam
R, escape-valve T, lever F*, and cam F3, all
arranged and operating substantially as and
for the parposes herein described. oo

In testimony whereof I have signed my
rame to this specification in the presence of
two subseribing witnesses this 1st day of June,

1876. '
NICOLAUS AUGUST OTTO.
Witnesses: - o
FRIEDRICH ALBERT SPIECKER, .
GusTAv KLEINJING. - SN



" {No Modsl.) : 3 Sheets—Shest 1.

' G. MARCONI.
TRANSMITTING ELECTRICAL SIGNALS

No. 586,193, ’ Patented July 13.1897.

fig. 1

Widnesses | - @g{ lf%;m %{
OAGourL, iy ey



(No Model.)

_ 3 Sneets—Sheet 2,
@. MARCONI. -
TRANSMITTING ELECTRICAL SIGNALS.

No. 586,193, Patented July 13, 1897,

Fig.4.
n iz z
2 %
0_- E
kl ]b‘ ’7(,2 0
/ - - k/ =3
o Z, Vi
. 7 o
!ﬂ
7 _ ;
(ij—p= 2 '
—4 ot i
'-9 i) 4. k’
= 7{| él {
I e .ei ;
o J = — JY. F et - o
o Ly 7 9 A ,z;%- o'y G 7z oY
e F7g.6.
| J? I FE T
Fig.7. e 5
= — J R Y
77t 2
$; 7| e} é £eq.8.
(7.2
A
= -
- Y Guplotos Harcrns
Wilnesses. | - Tnwendor



~ {No Model.) o % Sheets—Bheet 3,

G. MARCONL.
TRANSMITTING ELECTRICAL SIGNALS, -

No. 586,193, ~ Patented July 13, 1897.
Fig.9
g -
.8-2 - Z;Z
£ o738 -53{) %
j)»cf € € C,/O
: (&
iR
- Fig. 10 Frg.11.
e — ; W":
. o
] J. -
P BT 0y ke =5
; ?za | %k
WA

Witriesses : | | %MM m
Gafat Ly oy i



(31

10

5

20

2‘.5

30

40

45

‘pensed with.
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' Applieation ﬁlgd, December 7, 1806, Serinl No, 614,833, (Ko modsl)

2o all whom it may coneern:

e it known that I, GUGLIELMO MARGONT,
student, a subject of the King of Italy, resid-
ing at 21 Borlington Road, Tondon, in the
county of Middlesex, England, have invented
certain mew and usefnl Improvements in
Transmitting Electrical Impulsesand Signals
and in Apparatus Therefor, of which t}.2 fol-

lowing is a gpecification. e

- According to this invention clectrical sig-
nals, actious, or manifestations are transmit-
ted theough the air, earth, or water by means
of oscillations of high frequeney, such as have
been called the “Ylertz rays™ or *“ Herbz os-
cillations.” Usnally all line-wires are dis-
At the fransmitting-station I
employ a Rulmlorff coil, having in its pri-
mary cireuit a Morse key or other signaling
instrumentandat its poles appliances for pro-
dueing the desired oscillations.
Forff coil may, however, be replaced by any
other source of high - tension ¢lectrieity.
‘When working with large amounts of energy,
it ig, however, better to keep the coil ortrans-
former constantly working for the time dur-
ing which one is transmitting, and instead of
interrupting the current of the primary in-
terrupting the discharge of the sccondary.
In this case the contacts of the key should be
immersed in oil, as othérwise, owing to the
length of the spark, the eurrent will continue
to pass after the contacts have becn sepa-
rated. At the receiving-station there is a
local-battery cirenit, containing any ordinary
receiving instrument and an appliance for

closing flie circuit, the latter being actuated |

by the oscillations from the transmitting-sta-
tion.: When -transmitfing through the air
and it is desired that the signal shonld ouly
be sent in oné¢ direction, I place the oscilla-
tion-produncer at the fransmitting-station in
the focus or focal line of a reflector directed
to the receiving-station, and 1. place the cir-

cuit-closer at the receiving-station in a simi-.
lar» reflector directed toward the transmitting--
station. . When transmitting signals through

. the earth, I connect one end of the oscilla-
. tiom-producer and one end of the circuit-

closer to earth and the.othor ends to similar |

plates, preferably electrically tuned with each
other in the air and insalated from earth.
Figure 1 is a diagrammatic fronteleyation

The Ruhm-~

of the instruments at the transmitting-station
when signaling through the air, and Fig. 2
is a verticalsection of the transmitter, Fig.
2* is a longitudinal section of the oscillator to
a larger scale.
larger scale. Tig. 4 is a diagrammatic front
elevation of the instruments at the receiving-
station. Fig. 5 is a full-sized view of the re-
ceiver. I'ig. 6 shows a modification of ihe
tube 5. . Fig. 7 shows the deteetor.
a faoll-sized view cof the liquid-resistance.
Figs. 0 and 10 show modificalions of the ar-
rangementsatthe transmitiing-station, Iig.
11 shows a modification of the arrangements

at the receiving-station. :

Referring now to Iig. 1, ais a battery, and -

b an ordinary Movse key closing the eircunit
through the primary of a4 Rulimkorft coil .
The terminals ¢’ of Uhe secondary civeuit of
the coil are connected to two metallic balls
d d, fixed by heat or othorwise at the ends of
tubes ¢’ d', Fig. 2*, of insulating material,
such as ebonite or vulcanite. e e are similay
balls fixed in-the other ends of the tubes d'.
Tho tnbes ' fit tightly in a similar tube @2,
having covers 4% through which pass rods 4,
conneeting the balls dto the condnctors. One
(or both) of the rods d'is connected to the
ball & by a ball-and-sockei joint and has

screw-thread upon it working in a nat in the -

cover d°% By turning the rod therefore the
distance of the balls ¢ apart can be adjusted.
d*areholesin the tube ?, through whicl: vase-
line, 0il, or lilze material is introdneced into the
space between the balls e

I'ig. 8 shows a ‘dotail on a.
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TTig. 8 is .
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The balls d and e dre preferably of solid

brass or copper, and the distance they should
be apart depends on the gnantity and elec-

tromotive force of the electricity employed,

the cllect increasing with the distance so long
as the discharge passes freely. With a eoil
giving an ordinary eight-incli spark the dis-

‘tance between ¢ and e should be from one

twenty-fifth to one-thirtieth of an inch and
the distanee between d and ¢ about ene and
a half inches. fisaecylindrical parabolicre-
flector ‘made- by bending a metallic sheet,

.preforably of brass or copper, to form and

tixing it to metallie or wooden ribs /. Other
conditions being enual the larger the balls

the groater is the distance at whichi it is pos-
-sible to.commiinieate. -Ihave gencrally used

90
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balls of solid brass of four inches diameter,
giving oscillations of fen inches length of
wave.

The reflectors applied to the réceiver and
transmitter ought to be preferably in length

‘and opening the double at least of the lencrth

of wave emitted from the oscillator. .

If a very powerful source of electricity
giving a very long spark be employed, it is
preferable to divide the. spark gap between
the central balls of the oscillator infoseveral
smaller gaps in series. . This may be done by
intreducing between the big balls smaller
ones, {of about half an inch dl&meber,) held
in position by ebonite frames.

I find that the regularity and power of the
discharge of an ordinary Ruhmkorff coil with
a tremblqr-break on its. primary.is greatly
improved by causing one of the contacts of
the vibrating brea.k to revolverapidly. Ido
this by h‘wmrr a revoluble central core c?,
Fig. 3, in the ordmary screw ¢8, which is in
eommunieation with the platiuum contacts.
I cause the said cenlral core with one of the

platinum contacts attached- to it to revolve\

by connecting it to a small sleetric motor ¢t
This raotor can be worked by the same cir-
cuit that works the coil, or, if necessary, by
a separate circuit. The connections are not
shown in the drawings. By this means the
platinums are kept smoeoth and any tendency
to stick is removed. They last also much
longer. Af the receiving-station is a battery
whose circuitincludes an ordinary telegraphic
instrument (or it may be a relay or other ap-

- paratus which it is desired to work flOm a
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distancé) and a circuit-closer. -
In Tig. 4, g is the battery, and 2 a tele-

‘graphic Tnstrument on the derived circuit of -

a relay n.

The apphd,nce I employ a8 a circuit-closer
is shown full size at Fig. 5 and consists of a
glass tube j, contamnw metallie powder or
grains of metal j'; each “end of the column of
powder being connee’ced to a metallic plate %
of suitable len"th to ecause the system to reso-
nate electrxcauy in unison with the electrical
oscillations transmitted. The glass tube may

be replaced in some cases by one of gutta-

percha or like materlal .Two short pieces of
thick silver wire j* of the same diameter as
the internal diameter of the tube 7, 80 a8 to

it tightly in it, are joined to two pieces of

platinum wirve 7%, The tube 1s closed and
sealed-onto the platmum wiresj® at both ends.

Mary metals can be employed for produe-
ing the powder or filings j'; but I prefer to

use & mixture of two ormore different metals.

I find hard nickel to be the best metal, and
I prefer to add to the nickel filings about ten

. percent. of hard-silver filings; whichincrease

63

greatly the sensitiveness of the tube to elee- |

tric oscillations. By increasing the propor-
tion of silver powder or grains the sensitive-

ness of the tube also increases; but it is bet--

ter for ordinary work mot to have a tube of

too great sensitiveness, as it might be influ--

tity as to clot or cake the filings.

enced by a‘nmoSpherie_ or other electricity.

The sensitiveness can also be jnereased by
adding a very small amount of mercury to

78

the filings and mixing up unml ‘the. mereury :

i8 absorbed.

The mercury must not be in sach a’quan-
An almost
Jmpereoptlble gIobuie is sufficient for a tube.
Instead of mixing the mercury with.the pov-
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derone can obtam the same offects by slightly -

amalgamating the idner surfaces of the plugs

w!nch are {o be in contact with the filings.
Very little merenry must be used, just sufﬁ-
cient to brldhten the surface of the metallic

plugs withous showinganyfreeglobules. The

gize of the fubeand the dlstanee between the

80

two metallic stops may. vary under certain .

Himits. The greater the space allowed for the
powder thelarger and coarser ought to be the
filings or grains. :

I prefer to make my sensitive tubes of the

8s

following size: The tube j is one and one-half -

inches Iong and one-tenth or one-twelfth ol an
inch internal diameter. The length of the
stops j° is about one-fifth of an mch, and the
distance between the stopsis abount one-thir-
tieth of an inch. I find that the smaller the
space between the stops in the tube the more
sensitiveit proves, but the space cannot under
ordinary circnmstances be excessively short-
ened withoutinjuring the fidelity of the trans-
mission.

The metallic powders ought not to he fine,
but rather as coarse as can be produeed by a
large and rough file.

All the very fine powder ought to be re-
moved by blowing ar sifting.

The powder ought not to be compr essed be-
tween the stops, but rather loose and in such
g condition that when the tube is tapped the
powder may be seen to move:

The tube must be sealed, but a vacunm in-
side it is not cssential, except the glight vée-
uum which resultsfromhavmgheated it while
sealingit. Caremustalsobetakennottoheat
the tube too much in the center when sealing

it, as it would oxidize the surfaces of the sil-.

ver stops and also the powder, which would
diminish its sensitiveness. 1 use in sealing
the tubes a hydrogen and air flame. A vac-
uum is, however, desirable, and I have used
one of about one cue-thousandth of an atmos-
phere, obtained by a mercury-pump. Itisalso
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necessary for the powder or-grains to be dry -

| and free from grease or dirt, and the files used

in producing the same ought to be frequently -

washed and dried and unsed when warm.

1f the tube has been well made, it should be
-sensitive to the induction of an ordinary elec-

tric bell when the same is working at one to
two yards or more from the tube.

~In ordertokeep the sensitive tube jin good
working order, it is desirable, but not abso-
lutely neeessary, not to allow more than one

‘milliampere to flow through it when active.
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If a stronger. current is necessary, several '

tubes may be put in derivation between the
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-shows one of these tubes.
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tuned plates, but thi?;_ arrangement is not
quite as satisfactory as the single tube. Itis
necessary when using tubes of the type I have
deseribed not to insertin the eirenit more than
one cell of the Leclanché type, as a higher
clectromotive foree than 1.6 volts is apt to

pass a current through the tube even when

no oseillations are transmitted. I can, how-

. ever, construct tubes capable of working with

a much higher electromotive force. IFig. 6
In this tube in-

" stead of ono space or gap filled with fitings

‘there are several spacesseparated by sections

of tight-fitting silver wire. A tube thus ton-
struected, observingalso the rules of construc-

tion of my tubes in general, will work satis-

" factorily if the electromotive foree of the bat-

tery in eircnit with the tube is equal to 1.2

- wolts muliiplied by thenomber of gaps. With

20

this tube also it is well not to allow & current

. of more than one milliampere fo pass.

25

" T'he tube 7 may be replaced by other forms
of imperfect electrical contacts, but thisis no
desirable. - T

The platesf are of copper or aluminiam or |
othermetal, about half an inch or morébroad,:

. ‘about ono-fiftieth of an inch thick, and pref-
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erably of such a length as to be- electrically
tuned with the electrie oscillations transmit-
ted. The means [ adopt for fixing the length
of the piates is as follows: T stick a rectan-
gular strip of tin-Toil m (see Fig. 7) about
twenty inches long (the length depends on the
supposed length of wave thal one is measur-
ing) by means of 4 weak solution of gum onte
a glass plate m'. Then by means of & very
sharp penknife or point I ¢ut across the mid-

dle of the tin-foil, leaving & mark of division |
- mi

If this detector is held in the proximity
(four or five yards) and pavallel with the axis
ot the oscillator in action, it will show little
sparks at m® If the length of the pieces of

tin-foil approximates to the length of wave

emitied from the oscillator, the spark will take
place between them at a certain distance from

 the transmitter, which -is a maximum when

so

" 55
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they are of suitable length. By shorteningor
lengthening the strips, therefore, it is easy to
find the length most appropriate to the length
of wave emitted by the oscillator. 1t is de-
sirable to try this detoctor in the focus or focal
line of the reflector. The length so found is
the proper length for the plates %, or rather
these should bhe about balf an inch shorteron
account of the longth of the sensitive tube j,

‘connected between them.

! is a cylindrical parabolic reflector similar
to that used at the transmjtting-station.
The plates £ may bein the form of tubes or
even wires, . : : o
© Itisslightly advantageous for the focal dis-

tanee of the reflector to be equal to one-fourth
.ov-three-fourths of the wave length of the os-

cillation transmitted. .
YWhen no osecillations are sent from the

“transmitting-station, the tube § does not con-
duct the ecurrent, and the local-battery circuit

| is broken, but when the powder or tulﬁe_ is in-

fluenced by the electrical ogcillations from the
transmitier it conduncts and closes the cireuit.
I find, however, that when once started the
powder in the tube continues to conduct even
when the oscillations from the fransmitier
have ceased, but if it be shaken or tapped
the circuit is broken. A tube well prepared
will instantly interrupt the current passing
through it at the slightest tap, provided it is
insorted in a eircuit in whieh there is little
self-induction and small electromotive foree,
such as a single cell, and where the effects of
self-induction have begn removed by one of
‘the methods which 1 will presently deseribe.

The two plates & communicate with the lo-

which I will ¢all “choking-coils,” formed by
winding afew inches of very thin and insulat-
ed copper wire around a bit of iron wire about
anineh and a half long, The object of these
choking-coils is to prevent the high-frequeney
oseillation induced across these plates by the
transmittér from dissipating itself by run-
ning along the local - battery wires which

"might weaken its effect on the sensitive tube

J. Thesechoking-coils may,however,besome-
times replaced by simple thin wires, They
may also be connected directly to the tube ;.
‘The local circuit in which the gensitive tube
Jisinserted contains & sensitive relay n, pref-

| erably wound. to a resistance of abouf twelve

hundred chms. This resistance need not be
necessarily that of the relay, but may be the
sum of the resistance of the relay and an-
other additional resistance. Therelayonght
to be one possessing small self-induction.
The plates %, tabe 7, and coils %' are fas-

“tened by means of wire stitches o to a thin

glass tube o, preferably not longer than twelve
inches, firmly fixed at onc end toa glrong piece
of timber ¢% This may be done by means of

‘wood or chonite grasping-serews. .

I do the tapping antomatically by the cur-
rent starteéd by the tube, employing atrembler
p on the circuit of the relay n similar in con-
struction to that of an slectrie bell, but hav-
ing a shorter arm. The vibrator must bo

carefully adjusted. Proferably the blows.
"should be directed slightly upward to prevent
In place of .

the filings from geiting caked.
tapping the tube the powder can be disturbed
by slightly moving outward and inward one

or both of the stops 7%, the trembler p being:

replaced by a-small electromagnes (or wmag-
nets) whose armature is connected to the stop.

I ordinarily work the: telegraphie receiver
i (or other instruments) by a derivation, as
shown, from the eircuit which works the trem-
bler p. They can also, however, be worked
in series with the trembler. tWhen working
‘grdinary sounders or Morse apparatus, a spe-
cial adjustinent of the same is somctimes
needed to enable: one to obtain dots and
dashes. Bometimes it is necessary to work
the telegraphic instruments ov relays from
the back-stops of the first relay, as is done in

i
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-cal cireuit through two very small coils &',
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* gome systems of mulﬁljle teleg_ra'phy. Such [

4.,

adjustments are known to telegraphic ex-
perts. :
Bymeans of a tube with multiple gaps it is

_possible to work the trembler and also the

signaling or other apparatus direct on the eir-
cuit which contains the tube, but I prefer

-when possible to work with the single-gap

10

tube and the relay, as shown. With a sensi-
tive and well-construcied trembler it is also

~ possible to work the trembler with the single-

gap tube in series with it without the relay.
In derivation on the términals of the relay

. m is placed an ordinary platinoid resistance

15

_vents the self-induction of the windingof the '

20

25

‘double-wound (or wound on the ‘‘ bight,” asit

is sometimes termed) coil ¢ of about four
times the resistaice of the relay, which pre-

relay from affecting the sensitive tube.
The circuit actnated by the relay contains

an ordinary battery r of about twelve cells

and the trembler p, the resistance of the
winding of which shounld be about one thou-
sand ohms, and the nucleus onght preferably
to be of soft iron, hotlow and split lengthwise,

like most electromagnets used in telegraph.

instraments. In series or derivation from

- thiscireunitis inserted the telegraphie or other

52

apparatus 2 which one may desire to work.

It is desirable that this instrument or appa-'|
‘ratus, if on a derivation, should have a re-

sistance:equal to the resistance of the trem-

‘bler p. A platinoid resistance k' of abont

35

five times the resistance of the iustrumefit is
inserted in derivation across the terminals of
the instroment and connected as close tothe
same as possible. In derivation across :the

terminals of the trembler pis placed another. |

 platinoid resistance p', also of about five times'
b UL

40

the resistance of the trembler. ~Asimijlar re- .|
gistance p? is inserted in a cirenit connecting’
‘the vibrating contacts of the tremblerr In

" derivation across the terminals of the relay-

.45

circuit it is well to have a lignid resistance s, .|

which is constituted of a sériés of tubes,one,
of which is shown fullsizein Fig. 8, filled with
waler.acidulated with sulfuric aeid. The

. nuntber of these tubes in series across the

"

said terminals ought to be about ten for & cir-

cuit of fifteen volts, 80 as to prevent, in con-.

sequence of their counter electromotive force,

* the current of the local battery from passing

55
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through them, but allowing the high-tension

jerk of current generated at the opening of |

the cirenitin the relay to pass smoothly across
them without producing perturbing sparks
at the movable contaet of the relay. It is
also necessary toinsert & platinoid resistance
in derivation on any apparatus one may be
working on the local eircuits.© These resist-
andes ought also to be inserted in derivation
on the terminals of any resistance which may-

- be apt to give self-induetion.

65

I have hitherto only mentioned the use of
cylindrieal reflectors, but it is also-possible

_to use ordinary concave reflectors, preferably
“parabolic, such as are used for projectors..

586,108

It is not essential to have a reflector at the
transmitters and receivers, but in their ab-
sence the distance at which one can communi-
cate is much smaller. E e 8

. T find it convenidnt when transmitting

across long distances to make use of the trans-.

mitter shown in Fig. 9. o
© % £ are two poles connected by a rope ¢, to
which are suspended by means of insulating
suspenders twometallic plates###, preferably
in the form of eylinders closed at the top, con-

imity tothe spheres ¢/, in communication with
the coil or transformere.. The balls #°are not
‘absolutely necessary, as the plates # may be
made to communicaie with the coil or trans-
former by meansof thin insulated wires. The
receiver I adopt with this transmitter is simi-

70
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‘neeted to the spheres ¢ {in oil or other dielec- -
trie, as before) and tothe other balls #* in prox--

8o
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lar to it, except that the spheres e are re- -

placed by the sensitive tube j and plates L,
while the spheres {* are replaced by the chok-

‘ing-coils %', in communication with the local

circuit. It may be observed that, other con-
ditions being equal, the larger the plates at

99

the transmitter and receiver and the higher

they are from earth and to a eortain extent
the farther apart they are the greater is the
distance at which correspondence is possible.

95

When transmitting through the earth or .

water, I use a transmitter as shown in Fig.
10. I connect ope of the spheres d to earth
E, preferably by a thick wire, and the other

100

to a plate or conductor u, suspended on a pole

» and insulated from earth; or the spheresd

may be omitted and one of the spheres e be

connected to earth and the other to the plate
orcondactory. Atthereceiving-siation, Fig.
11, Iconnectone terminal of the sensitive tube
 to earth E, also by a thick wire, and the other

to a plate or conductor w, preferably similar
‘to u. .'The plate 2 may be suspended on a

pelex and must be insulated from earth. - The
larger the plates of the receiver and trans-
mitter and the higher from the earth the plates

“are suspended the greater is the distance at

which it is possible to communicate. When
using the last-describéd apparatus, it is not
necessary tohave the twoinstrunments inview
of éach other, as it is of no comsequence if

| they are separated by mountains or other ob-

stacles. At the receiver it is possible to pick
up the oscillations from.
without having the plate «w. This may be
done by conneeting the terminals of the sensi-
tive tube j to two earths, preferably at a cer-
tain distance from each_other and in g line
with the direction from whiel: the oscillations

‘are coming. These connections must not be

entirely conductive, but must contain a con-
deniger of suitable capaeily—say one gquare
yard of surface.. Balloons can also be nsed
instead of plates on poles, provided they carry

_up.a plate or are themselves nade condnetive

by being covered with tin-foil. Asthe height
to which they may be sent is great, the dis-
tance at which commu nieation is possible be-

the earth or water
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Kites may also
besuccessfully employed if made conductive
by means of tin-foil.

The apparatus above descrlbed is so sensi-
tive that it is essential either that the trans-
mitters and receivers at each station should
be at a considerable distance from each other
or that they should be screened from each
other by stout metal plates. It is sufficient
to have all the tclegraplic appmatm«, in a
metal box and any exposed part: of the circuif
of iho recoiver inclosed in metallic tubes
which are in electrical communicalion with
(Of course the part of the apparatus
which has to reccivé the radiation from the
distant station must not be inclosed, but pos-
sibly screened from the local tr ansmitter by
means of metallic sheets.) When working
through the earth or water, the local recéiver
must b(, switched out of circunit when the

transmitter is at worls, and this may also be.

done when working through air,

What 1 elaim is—

1. In a receiver for clectrical oscillations
the eombination of an imperféct eclectrical
contact, & circuit through the contact and
means actuated by the eircuit for shaking the
coulact

In a rcceiver for electrical oscillations
tho combination of an imperfeci electrical
eontact, metallic plates conneeted to it, a eip-
euit thruu'Vh the contact and means 'Lctu:uted
by the urcult- for shaking the contact.

3. In a receiver for electrical oscillations
the combination of an imperfect electrical
contact, metallic plates connected to the con-

tact, chokmﬂ-cmls connectod to the contaect,
“a eireunit throu gh the coils, and contact and

means actuated by the cu‘omh for shaking
tho contact.

4. In a receiver for electrical oscillations
the combination of a tube containing metallie
powder, a eircuit through the powder and
means actuated by the cirenit for Sh’tk]n"‘ the
powder

5. In a receiver for clectrical oscillationg
the eorubination of a tube containing metallic

owder, metallic plates connected to tlie pow-

¢r, a eirenrit through the powder and means
actuated by the eireuit for shaking the pow
der.

G. In a receiver for electncal oscillations
the combination of a tube containing metallic
powder, motallic plates connected to the pow-
der, ehokmﬂ-coﬂb connected to the powder,

a circuit th1ouvh the coils and powder 'Lnd,

means aotmted by the cireuit for shaking
ithe powder.

7. In a receiver for clectrieal OSCIUMHOIIS
{lie combination of a tube confaining.a mix-
ture of metallicpowders, a cireuit through the

powder, and means actuated by the cnuut

for shaking the powder.

8, In.a receiver for electnaal osullatlons

the Lombl_mu,l_o_n of ‘' tube containing a mix-

~ture of metallie powders, metallic plates con-

nected to the powder, a circuit through the
powder and means actuated by the circuit
for shaking the powder.

9. In a receiver for electrical oscillations
the combination of a tube containing a mix-

70

ture of metallic powders, metallie p]n,tes con- .

néeted to the powder, ¢heking - eoils con-
nected to the powder, a civenit through the
coils, and powder and means acluated by the
cirenit for shaking the powder.

10. In a receiver for clectrical oscillations

the combination of a tube containing a mix-
tare of metallic powder and mercury, &4 cir-
enif through the powder and means actuated
by the cirouit for shaking the powder.

11. In a receiver for electrical oscillations
the combination of a tube containing a mix-
ture of metallie powder and mercury, metallic
plates .connected to the powder, a cireuit

through the powder and moeans actuated by

the- cu’cult‘, for shaking the powder.
~ 12. In a receiver for electrical oscillations
flie combination of a fube containing a mix-
titre of metalliepowderand mercury, metallic
plates connected to the powder, choking-coils
connected to the powder, a cireuib t]xrouﬂ‘n
the eoils and powder and means actuated hv
the eirvcuit for shaking the powder.

13. In a receiver for elecirical oscillations

the combination of a tube, metallie plags in -

the tube, metallic powder between the plugs,
a circuit through the plugs and powder and

‘means actnatod by the eircuit forshaking the
powdaor.

14. Tn a receiver for electrical oscillations
the combination of a tube, metallic plugs in

“the tube, metallic powder between the plugs,

metallic p]&t-es connected to them, a cirenit
through the plugs and powder and means
aci,u%ed by the ecireuit for shaking tho pow-
der,

15. In a recciver for electrieal oscillations
the combination of atube,meétallie plugsinthe
tube, metallie powder between the plugs, me-
tallic plates connected to the plugs, choking-
coils connected to the plugs, a circuib thronrrh
the coils and plugs and means actuated by
1he cnum’o forshaking the powder.

Ina receiver for electrical oseﬂlatmns
tht, combmdtmn of a tube, metallic plugs in
the tube, & mixture of -metallic powders be-
tween the plugs, # eircnit through the plugs

and powder and means aetuated by the cir--

cul’ﬁ for shaking the powder.
In a recciver Tor electrical osclllatlons

th(, OOmblnthIOIl of a tnbe, metallic plags in.
.the tube, a mixture of metallic powders be-

tween the plugs, metallic plates connceted to
the plugs, a cirenit through the plugs and

powder and means actuated by the circuit

for shaking the powder.
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13. In areceiver for electrical oscillations

the combination of a tube, mctallie plugs in
the tube, a mixture of .mct(nllw powders be-

tween the pings, metallic plates connected to

the pluo*s, eboknm‘ eoils oounccbed to ‘the

130
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plugs, & circuit through the coils plugs and
powder and means actuated by the circuit for
shaking the powde:

19. In a receiver for elee’cmcal oscillations

the combination of a tube, metallic plugs in

the tube, a mixture of metallic powder and
mercury between the piugs, a circuit through
the plugs and powder and means actuated by

‘the ejreuit for shaking the powder.

20, In a receiver for electrical oscillations
the ¢ombination of a tube, metallic plugs in
the tube, 2 mixture of metallic powder and
mercury between the plugs, mretallic plates
conneeted to the plugs, a cireuit through the
plugs and powder and means actuated by the

_cirenis for shakmg the powder. .
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.21, In a recciver for electrical oscillations
the combination of a tube, metallic plugs in
the tube, a mixture of metallic powder and
mercury between the plugs, metailic plates
connected to the plugs, choking - coils con-
nected to the plugs, a eircuit thmufrh the coils
plugs and powder and means actiated by the
cireuit for shaking the powder., _

22. In a receiver for electrical oscillations
the combination of an imperfect  electrical
contact, a cirecuit through the contact, a relay
actuated by the circuit and means actmted
by the relay for shaking the dontact, .

"23. Tn a receiver for electrical oseillations
the combination of an imperfect electrical
confact, meiallic plates connected to it, a cir-
cuit through the contact, a relayactuated by
the circuit and means actua.ted by the relay
for shaking the contact.

24, In a receiver for eleetrmal oscillations

the combinafion of an imperfect electrical .

contact, metailic plates connected to the con-
fact, choking-coils connected to the eontact,
acircuit through theé coils and contact, a relay
actuated by the cireuit and méans actuated
by the relay for shaking the contact. :
- 25, In areceiver for electrical osecillations

‘the combination of & tube containing metal-

lie powder, a circuit through the powder, a

relay actuated by the circuit and mpans ac-.

tuated by the relay for shaking the powder.
26. In a receiver for electrical oscillations
the combination of a tube ¢ontainiog metal-

lic powder; metallic plates connected to the

_ powder, a circunit through the powdey, a relay

35

acluated by the circuit'and means 1ctuated'

by the relay for shaking the powder. .

-~ 27, In a receiver for electrwal oscillations
the combination of a tube confaining metal-
lie powder, metallic plates connected to the
powder, choking-coils connected o the pow-
der a cireuit throuoh the ¢oils and powder a

* relay actuated by the circuit and means ac-

6o
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tuated by the relay for shaking the powder.

28. In a receiver for eleetmeal oscxllatmns
the eombination of a tube cont&ining a mix-
ture of metallic -powders, a eircuit through

the powder, a relay actuated Dby the circuit

and means actuated by the rela.y for sha.km g

"the powder.

.9 In a receiver for e’ectncal osmllamons

the combination of a tube containing a mix-
ture of metallic powders, metallie plates con-
nected to the powder, a circuit through the
powder, a relay actuated by the cireuit and

riod

means actuated by the relay for shakmv the ;

powder.

30. In a receiver for electrical osczllatlom
the combination of a tube containing a mix-
ture of metallic powders, metallic plates con-
nected to the powder, cheking-coils connected
to the powder, a circuit ‘nhwufrh the coilsand
powder, a 1elay agtuated by the circnit and
means actuated by the relay for shaking the
powder.

51. In a receiver for eleetrlcal oselllatmns‘

the combination of a tube containing a mix-

ture of metallic powder and mereury, & cir-
cuit through the powder, a relay actuated by

the circuit and means actuated by the relay

for shaking the powder.

© 82. In a receiver for electrical oscillations

_the ecombination of a tube econtaining a mix-

ture of metallic powdex and mereury, metal-
lic plates connected to the powder, a circuit
through the powder, a relay actuated by the
c1reu1t. and means actuated by the relay for
shaking the powder. :

- 33. In a receiver for electrical oscillations
theé combination of a tube eontaining a mix-
ture of metallic powder and mercury, metal-
lic' plates connected to the powder, chok-
ing-coils connected o the powder, a circnit
throungh the coils and powder, a relay actu-
ated by the circuit and means actuated by
the relay for shaking the powder.

34. In a receiver for electrical oscillations
the combination of a tube, metallic plugs-in
the tube, metallic powder between the plugs,
a. cireuit through the plugs and powder, a re-

‘lay actuated by the circuit and means actu-
| ated by the relay for shaking the powder. -

35, In a receiver for electrieal oscillations
the eombination of a tnbe, metallic plugs in
the titbe, metallic powder between the plugs,

.metallic plates eonnected to the plugs, a cir-

enit through the plugs and- powder, a relay
actuated by the circuit and means actuated

‘hy the relay for shaking the powder. °

86, In a receiver for electrical oseillations
the combination of a tube, metallie plugs in
the tube, metallic powder between the plugs,

_metallie pla.tea connected to the plugs, chok-

“ing-coils connected to the plugs, & circuit
through the coils, plugs and powder, & relay
actuated by the circuit, and means actuated
by the relay for shakmﬂ' the powder.

37. In  receiver for electrical oscillations
the combination of a-tibe, metallic plugs in
the tube, a mixture of metallic powders be-
tween the plugs, a circuit through the plugs
and powder, a relay actuated by the circuit,
and means actuated by the relay for—shakmg
the powder.

38. In 8 receiver for electuca.l osclllatlons'

the combination of a tube, metallic plugs in
the tube, a mixture of metallic powders be-

tween the plugs, metallic plates connected to

75
8o
85
5o
95
100
.

115

‘120

125

‘I3v:




~ the plxigs,-é, cireuit -through the plogs and’
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powder, a relay actnated by the cireunit, and
means actuated by the relay for shaking the
powder. Co ' 5 %

39, In a receiver for electrical oseillations
the combination of a tube, metallic plugs in
the tube, a mixture of metallic powders be-
fween the plugs, metallic plates connected to
the plugs, choking - coils connected to the
plugs, 2 eireuit through the coils, plags and
powder, a relay actuated by the cirenit ant

. means actuated by the relay for shaking the
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powder.. ;

40. In a receiver for electrical oscillations
the combination of a tube, metallic plugs in
the tube, & mixture of mectallic powder and
mereury between the plugs, a circuit through
the plugs and powder, arelay actuated by the
cirenit and means  actnated by the relay for
shaking the powder. )

41. In a receiver for electrical oscillations
the combination of a tube, metallic plugs in
the tube, a mixture of retallic powder and
mereury between the plugs, metallic plates

- connected to the plugs, a circuif through the

plugs and powder, arelay actnated by the cir-
eunit and means actuated by the relay for shak-
ing the powder. _
42, In a receiver for eleetrical oscillations
the combination of a tube, metallic plugs in
the tube, a mixture of metallic powder and
mercury between thé plugs, metallic plates
connected to the plugs, clioking-coils connect-
od to the plugs, a cirenit through the coils,
plugs and powder, a relay actuated by the cir-

cuitand means actuated by the relay for shak-.

ing the powder. : o .
43. The combination of a spark-producer
the transmitting-station, an earth connece-
tion to one end of the spark-producer, an in-
sulated conductor connected to the otherend,
an imperfect clecirical contact at the recelv-
ing-station, an earth connecction to one end
of the contaet an insunlated conduetor con-
nocted to the other end and a eircuif through
the contact. —

44. 'Che combination of a spark-preducer
ab the transmitting-station, an earth ¢ mnec-
tion to one end of the spark-producer, an in-
salated conductor connected to the other end,
an imperfect electrical contact at the receiv-
ing-station, an earth connection to one end of
+he contact an insulated conduetor connected

ab

40 the other end, a circult through the ¢on-

tact and means acbuated by the eircuit for
shaking the contact. . : 5
45. The combination of a spark-producer

at the transmitting-station, an carth connee-

tion to vneend of the spark-produacer, an in-
sulated conductor conneeted to the other end,
an imperfect electrical contact at the receiv-

ing-station, choking-coils connected to each

end of the confast, an earth conneetion to one
end of the imperfeet eontact an insulated
conductor connected to the other end - and a
cireunit throngh:the coils and contact. .
46, The eombinaiion of a spark-producer

T

tion to one end of the spark-producer, an in-
sulated eonductor connected to the otherend,
an imperfect electrical contact at the receiv-
ing-station, choking-coils connected to each
enl of the contact, an earth connection to one.
end of the imperfcet contact, an insulated
conductor connected to the other end, & cix-
cuit through the eeils and eontact and means
“actuated by tho circuit for shaking the con-
tact, ' o ‘

47. The combination of a spark-producer
at the transmitting-station, an earth connec-
tion to one end of the spark-produacer, an in-
sulated conductor connected to the other-end,
a tube containing metallic powder at the-re-.
ceiving-station, an earth connection to one
end of the powder, an insulated conductor
connected to the other end and a cirenit
through the powder. . < -
at the transmitting-station, an earth connec-
tion to one end cf thé spark-producer, an in-
sulated conductor connected to the ptherend,
a tube eontaining metallic powder at the re-
‘ceiving-gtation, an earth connection to one
ond of the powder an insulated conductor
connected to the other end, a civenit throagh
the powder and means aetuated by the cir-
cuit for shaking the powder. C

49, "the combination of a spark-producer
at the transmitting-station, an earth connec-
tion to one end of the spark-producer, an in-
sulated conductor connected to the other end,

ceiving-station, choking-coils connected fo
each end of the powder, an earth connection
to one end of the powder, an’ insulated con-
_ductoer connected to the other end and a cir-
cuit throngh the coils and powdér.

50. The combination of a spark-producer
af the transmitting-station, an earth connee-
tion to one end of the spark-producer, an in-
sulated conductor conneeted to the other end,
a tube eontaining metallic powder at the re-
ceiving-station, choking-coils connected to
each end of the powder, an earth connection
to one end of the powder, an insulated con-
duetor-eonnected to the other end, a eircuit
through the eoils and powder and means ac-

51, The combination of a:spark-producer
at the transmittihg-station, an carth connec-
tion te one end of the spark-producer, an in-
"sulated conductor conneeted to the gther end,
a tube containing ‘metallic powder at the re-
ceiving-station, choking-coils and earth con-
neeticn throngh condensers connected to each
end of the powder, a circuit through the ceils
and powder and means actuated by the cir-
cuit for shaking the powder.

52. In a receiver for electrical osciliations,

‘eontact, a cirenit through the contact, an elec-
trie trembler shaking the contact, and means
for preventing the self-induction of the trem-

bler from affecting the contact, ;

at the transmitting-station, an earth connee-

48. The combination of a spark-preducer
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‘a tube containing metallic powder at the re-
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tuated by the circuit for shaking the powder.
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‘the combination of an imperfect electrical..



53, *A receiver for eleetrical oscillatory im-
puises having a medium whose electrical re-

_sistance.is altered by the received electrical

10

5

oscillations, a trembler or shaker for acting
upon the variable-resistance medinm to re-
store it'to its normal condition of -electrical
resistance, and means for controlling such
trembler to cause it to act upon the variable-.
resistance mediam to restore it to its normal
condition after each reception of sueh oseil-
latory impulses. . - o

.54. A receiver for electrical oséillatory im-
pulses having a medium whose electrical re-

sistance is altered by the received electrical

oscillations, a trembler or shaker for acting,

. tupon the variable-resistance medium to.re-

26"

store it to its normal condition of electrical
resistance, means controlling such trembler

-to.canse it to act upon the variable-resistance

medinm to restore it ‘to’its normal condition
after each reception of such oscillatory im-.

- pulses, and means for rendéring manifest.

. said electrical oscillatory impulses consecu- |
tively received, whereby defined signals may-| :
1 “Witnesses:

25

be given out by the reeceiver. . '

s .

55. The combination of & t.ransmltte_r' c'a'pé._-_' ;

ble of produeing at will of the operator elec-

586,168

tric oscillatory impulses or tays, and a re-
ceiver responsive. thereto having a variable-
resistance medium whose resistance is altered
by such received oscillatory impulses, means
contirolled by the received oscillations for re-
storing such medium to its normal condition
after each reeeption of such osecillations, and
means forrendering manifest the received os-
«cillations, whereby signalssent from the trans-
_mitter may be received upon the receiver.

" 56. The combinafion of a transmitter capa-
ble of producing electrical oscillations or rays
ab the-will of the operator, and a receiver lo-
cated at a distance and having a conductor
tuned to respond to such oscillations, a vari-
able-resistance - medium, in circuit with the

_conductor, whose resistanee is altered by the

received oscillations, means controlied by the
received oscillations for resforing the resist-
ance medium-to its normal condition after
each reception of such ogcillations, and means
for rendering the received oscillations mani-
fest. - du )
GUGLIELMO MARCONI, -

WILFRED CORPMAEL,
. FrED C. HARIES, -
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. 'This invention relates generally to aerial vehiclés and
more particularly to an improved rocket engine for an
aerial vehicle.

The conventional rocket engine employs a solid propel-
lant fuel in the form of a grain or several grains which
may be designed for end burning. A grain desigued for

10

15

20

end burning is characterized by even burning to produce .

a constant thrust throughout the life of the grain. How-
ever, the ordinary ¢nd burning grain in being consumed
causes a shift in the center of gravity of an aerial vehicle
propelled by the grain. Such a shift upsets the optimum
conditions for which the vehicle was designed and brings

ward end wall 19 and a hemispherical rear end wall 21
having an opening 22. The forward end wall 19 is formed
with an external aanular shoulder 23 for receiving the
rear end of the casing 15 and for connecting said casing
to the shell 17, by way of welding, riveting or by other
suitable means. The rear end wall 21 is similarly formed
with an external annular reccss 24 for connecting the
shell to the section next rearward, to be described herein-
after. A -propellant grain 25, cylindrically shaped with
an axial bore 26, is disposed in the chamber 18. As shown
in Fig. 2, the grain 25 fills the rear and intermediate por-
tions of the shell 17 but ends short of the forward end
wall 19 in a transverse burning surface 27 confronting
said forward end wall.

Immediately to the rear of the shell 17 there is pOSl-
tioned a cylindrical casing 28 constructed with wing
sockets 29 on its intermediate portion and defining a cell
30 for the accommodation of wing control and other ap-
paratus. The wing sockets 29 mount wings on the body
12 and may be adapted to permit wing movements in-
duced by the wing control apparatns contained in the

" cell 30. The forward end of the casing 28 is received by

25

into play aerodynamic forces which affect the stecring

conirol of the vehicle.

It is customary in the construction of aerial vehicles to
locate wing surfaces at the center of gravity. In geueral,
the center of gravity is positioned in the heaviest portion
of the vehicle which in most cases is that containing the
propulsion system. A rocket powered vehicle, therefore,
is geperally constructed with wing surfaces mounted on
that area of the vehicle constituting the rocket engine. A
serious problem is presented, however, in attaching wings
to a rocket engine because of the corrosive effects of hot
combustion gases normalty produced in the operation of
the engine. This problern is further complicatcd if wing
contrel apparatus is to be employed for varying the am«
tude of the wings.

It is, therefore, the principal obiject of this invention to
provide a rocket engine having a substantially stable center
of gravity.

A further object of this invention is to provide a rocket
engine in which combustion gases normally produced in
operation are handled in such a manner that their coxro-
sive effect is restricted,

Further objects and attendant advantages of this inven-
tion will become evident from the following detailed de-
scription ta.ken in conjunction with the accompanying
drawings, in which;

Fig. 1 is a side elevatton of a rocket powered aerial

vehicle; and

Fig. 2 is an axial section of the main body cf the aerial
vehicle shown in Fig. 1, particularly illustrating the rocket
enging constituting the present invention,

Referring now to Fig 1, the aerial vehicle shown therein
has a center of gravity 11 and includes a hollow main body
12, wings 13 mounted on said main body at the center of
pravity 11 and tail fing 14 mounted on the rear end por-
tion of the main bedy.

As best shown in Fig. 2, the body 12 comprises four
sections. The forwardmost section includes a casing 15,
in the shape of an ogive forming the nose of the body 12.
A compartment 16 is defined by the casing 15 and is
adapted to accommodate a warhead and/or guvidance in-
strumentation,

The section next to the rear of the casing 15 is a cylin-
drical shell 17 constituting a forward combustion chamber
18. The shell 17 is constructed with a hemispherical for-
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the annular shoulder 24 in the shell 17 for -attachmcnt to
said shell in apy suitable manner.

The rearmost section of the body 12 comprises a second
cylindrical shell 32 constituting a . rearward combustion
chamber 33. Thes hell 32 is constructed with a hemi-
spherical forward end wall 34 having an opening 35, and
with an exhaust nozzle 3§ at its rear end. The forward
end wall 34 is formed with an external shoulder 37 which
receives the rear end of the cylindrical casing 28 and is
attached thereto by any appropriate securing medium. A
propellant grain 38 having an axial bore 39 and disposed
within the shell 32 filis the forward and intermediate por-
tions of said shell but ends short of the nozzle 36 in a flat
burning surface 41 which confronts said nozzle.

In order to provide gas tramsfer communication be-
tween the combustion chambers 18 and 33, a tube 42,
made of a heat resistant material, cornmunicates with the
forward combustion chamber 18 and exiends, axially of
the missile, into the rear combustion chamber 33, More
specifically, the tube £2 passes through the axial bore 26
of the grain 25 and the opening 22 into the casing 28. 1t
extends axially through the casing 28 and enters the rear
combustion chamber 33 through the cpening 35, where-
upon it extends along the bore 39 of the grain 38 to com-
municate with the chamber 33.

The rocket engine of this invention, therefore, com-
prises the forward combustion chamber 18 containing the
propellant grain 25, the rear combustion chamber 33 con-
taining the propellant grain 38 and the gas transfer tube
4% providing communication between said combustion
chambers. In operation, the grain 25 in the forward
chamber £8 burns rearwardly, from the burning surface
27, and the combustion gases thereby produced are con-
ducted through the tube 42 to the rear chamber 33. The
grain 38 in the rear chamber 33 burns forwardly from the
burning surface 4%. The combustion gases from both
combustion chambers, 18 and 33, combine and efflux
through the exhaust nozzle 36, thus providing a propulsive
thrast.

By dividing the propellent grain of the rocket engine
in the maneer described above, it is possible to safely
mount the wing sockets 2% or other wing attaching means
at the center-of-gravity of said engine. In addition, such
an arrangement also permifs the convenient location of
guidance and/or wing actuating equipment proximate to
the wing sockets and wings.

It can be seen that the center-of-gravity 11 of the
rocket engine of this invention will remain substantially in
the same position during the burning of the propellant
grains 25 and 38. - This feature is of utmost importance
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when the ensine is used as the propulsive system in an
aerial vehicle.

The propulsive thrust produced by this impreved rocket
engine iishgreatly increased -over. a..conventional .rockect

engine - of equal.cross-sectional dimensions. This.will.-be

imderstaod,fromthe:fact:thatrtwo.surfaces.on:the .propel-
Iant :;grains; 27 ‘and -41,-.of the improved. engine burn to
produce .agreater-volume . of -combustion gases.and 2
liigher : pressure. ' Thus, :the combustion -gases sefflux

throughthe exit nozzle with .a; greater momentum {0 pro-

duce.an increased thrust, whereas the:conventional.rovket
engine :employs :a ‘propellant. grain. which -burns. from. .a
singlesurface only, thereby-producing.a smaller volume
of :cambustion : gases -at lower pressures, :with:the result
that :the. -thrust: of the .conventional rocket.engine .is
smaller.

Obviously many modifications and .variations .of 1the
present invention :are-possible-in.the slight -of the -above
teachings. - It-is ‘therefore -to-be understooed. that within
the scope 'of ithe appended claims the.invention may -be
practiced otherwise than as:specifically described.

~“\What. is-claimed is:

1. In:combination with an.aerial vehicle ‘having two
pairs-of wings.arranged in a cruciform-configuration and
pivotally:mounted on the body- ofisaid-vehicle at the.center
of gravity thereof and two - pairs of tail fins,maunted .on
the rear end of said body.of said vehicle,-a rocket engine
located in :said -vehicle body, said-engine.including spaced
forward .and rearward -combustion .chambers confaining
combustible material; said conrbustion .chambers and com-
bustible material being located :substantially -symmetrical
with respect to the-center of said:vehicle, said combustible
material .of said. forward combustion .chamber being .ar-
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ranged to burn rearwardly of said vehicle and said com-
bustible material of said rearward combustion chamber
being arranged to burn forwardly of said vehicle, a rear-
wardly directed nozzle connccted to said rearward com-
bustion chamber, and means including a transfer tube for
conducting combustion gases generated upon ignition of
said combustible materidl*fromsaid forward combustion
chamber to,said:reansvard .cambustion: chamberfor efflux
through said nozzle, whereby upon burning of said com-
bustible materidl in-saitl contbustion-¢hambers, the center
of gravity of suid-véhi¢le remains Sitbstantially’in the same
position.

2. An:arrangement: assget forthiinclaim 1,-whereinssaid
combustion thambers are cylindrical .in shape.

3. An arrangement as-set-forthrin-¢laim 2, wherein said
combusiion chambers have hemispherical end walls,

4. An arrangement as set forth in claim 1, wherein
structure is.provided- between -said. combustion  chambers
to-define an intermediate.chamber .forireceiving-guidance
and coutrol equipment, including means for attaching:said
two.pairs.of wingstto.said. vehicle.
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o all wohony € may Conceriv:
Be itlknown that T, WILLTAM 8. BURROUGIIS,
o citizen of the United States, residing ab St.
Louis, in the State of Missouri, have invented
5 certain new and useful Improvements in Me-
ehanical Accountants, of which the following
ig a specification.
My invention velafes to thab class of appara-
tus nsed for mechanically assisting arith meti-
o cal ealeulations; and my invention consists in
the combination,with one ox more registers, of
ageries of independent keys and infervening
connections constrncted, arranged, and oper-
ating, as fully speeified Tiereinafter, so as to
15 indicate upon the register the snm of any se-
ries of nimbers by the proper manipulation
of the keys, and also so as to p rinf or perma-
nently record the final resulf.
Tn the drawings, Figure 1isa longitudinal
»0 sectional elevation of anapparatus embodying
my invention. Tig. 1° is a crosg-section on
ihe line 1 2, Tig. 1. Fig. 2is a plan view of
the apparatus in parb gection. Tig. 8isalon-
gitudinal elevabion in part section.
2% a (ransversc sectional clevation. Fig. b is a
detail view showing the counections befween
{he keys and the registers, with the exception
of the  regnlating devices.”” Fig. 5 isa detail
view of part of the regnlating devices, Fig. 6
is a detail view of the printing-register and its
jmmediate conneetions. Fig. 718 a detached
viow showing the conneetions between two of
theshafts. Ifig. Sisa viewshowing » mnodified
form of registering operating deviee. Trig. 9
35 is a view {lustrating a mode of adjusting a
series of registers, IMig. 10 illustrates a modi-
fieation of the regulating devices.
The indicating-register A consistsof aserics
of movable numbered pieces—as plates, disks,
40 wheels, or 5¢g ments—indicating by their posi-
tion the st added ab cach operation of the
machine, and I therefore term them the “‘in-
dicators.”’ Huch indieator is shown as con-
sisting of a disk, -« revolving frecly upon a
45 shaft, «, and having npon iis periphery a se-
ries of figures from 0 to 3 but it may be a
plate or segment snitably snpported and grad-
nated in the same manner as the disk. Tach
indicator devives its movemeut {vem the op-

32

Fig. 4 is |

No, 398,116, dated August 21, 1888.

(No model?

eration of o serics of nine keys, A, of any
suitable construction, marked separately with
a seriesof numbers from 1 to9, and bebween the
indicator and each key, and governed by the
latter, intcrvene a series of devices, which may
e of any suitable construetion {0 transmit the
motion of the key Lo the indieator, and rega-
Jate the adjustment of the latter, and whiel T
ipnelude under the general terms of ffeonnec-
tions’’ and * operaking connections.’

The registering device, the Lkeys and con-
nections, and other parts, hereinafter referred
to, are supporied ina guitable frame having
side pieces, A? A% and connecting-bars, which
Jatter also serve as supports for the interven-
ing mechanism, and ihe frame supports a key-
board, AY provided with reeessed nipples,
through which slide the shanks « of the keys
A’ a spiral spring, &', tending to keep cach
key in its clevated position, and a lip at the
bottom of the key striking a detachable strip,
wm, which bears againsh a [lab side of the key
and prevents the turning thereof, limits its
movement, and [acilitates ils rveady Qetach-
ment when necessaty.

The series of keys which operate in eonnee-
{ion with each indieator is arranged upon a
line parallel to the sides of the frame, and &
lever, B, supporfed by a transverse shaft,
whoen released by the action of any one of a
series of keys operates automatically the in-
dicator pertaiuing to thab serics.

Toach lever B consists of asegmental “head,”
b, and an arm, b, the heads of all the levers
being pavallel to each other and in ¢lose prox-
imity, and the arms diverging {from the fal- !
crum o, 80 that the rear cend of cach arm will
be below the key of one of the serics farthest
from the head.

Teeth ab the edge of cach head b constitnte
a rack, ¢, which engages with a pinion, ¢, ati go
the side of one of the indicator-disks, and the
movement of the lever isso limited that the
indicator-disk will be turned nine-tenths of a
revolution ab each full movement of the le-
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ver, a perforated plate or gage, A¥ serving a8 95
an index to expose or designate the figave In-
dicating the number added: '

Tt is neecssary that the indicator he moved
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ag each key is deprossed to an extent propor-
tioned to the position of the Lkey and the nrn-
ber iudicated apon the Iatter, and in order to
effoct this without varyi ug the movements of
Lhe keys or the power applied to operate the
Iatter T employ devices bebween eacl: series ol
keys and the lever operated thercby, whieh
constitute part of the *“ connoctions’” betweoen
the keys and indicator, and which I term the
“regulating deviees.!’

The arms & may be weighted 0 as to nor-
mally fall to their lowest position when re-

Teased; but T prefer to seeare 1 more positive

action hy means of springs ¢, connecled o a
cross-bar, ¢, of the frame and to the heads of
the levers, so as to lift the Tatter.

The regulating deviees are so constrocted
that wheu a key is depressed the lever will be
released, sud will thern fall to an exient cor-
responding to the posibion of the operating-
key, whicl, thercfore, instead of acting di-
reetly upon the lever, operates the lattor in-
termediately through said regulating deviges,
80 that the key may recover its position at
once after being strucl.

In the construction shown the reguluting
devices connected with each seriesof keys con-
sist of a loek which holds the arm ¥ of the
lever normally in its highest position and a
movable stop operated by the key, which lim-
its, when it 1s set, the deseent of tho ari 3 of
the Iever.

The lock, as shown, consists of a strip, 0%
pivoted to the end of each arm ¥ and limited
in its vear movemoent by stop &% and earrying
w lug, . Adjacent to cach slrip 2* a fixed
plabe, ¢ Figs, 1 and 5 is sceured to the key-
board A ‘and pendent therefrom and provided
with o nolch, 2, near it upper end, into which
the Tag 7 onters as the avm & is brought to its
Lighest position and the strip & falls forward,
This fovward movement of the strip & i in-
sured hy the contact of spring projection, 3,
extending from the slrip %, with a stationary

y cross-bar, ¥, supporicd by the sides of the

frame.

In the outer edge of the plale ¢ is a series
of notehes, &', corresponding in namber to
the keys of the series, and throngh each noteh
extends the bent eud & of a rod, @, whieh is
connceted Lo the lower arm of a crank-lover,
&, oue of which is pivoted to a lug underthe
key-board beoeath cach key, and has its other
end or arm projecting below the end of the
lkey. The bent ends ¢ of the vods 4 consti-
tute the stops. When one of the keys (say,
the key 5, Fig, 1) is depressed, the rod ¢ of
thelever &, below said key, will be drawn in
the dircetion of its arrow, and the eud d,
bearing upon the edge of ilis strip 0, wrill
carry the Iatter inward until the pin 1 is car-
ried out of the nolch #, when the action of
the spring o will canse the avm % and strip 3
to fall nutil a lip, 2, at the upper end of .the
sbrip 0° strikes the bent end & of the rod d,
which octs as a stop, limiting the further
wmovement of the lever downward. As the in-

ward moveiient of each slop end ¢ carries the
strip 2° inward the lip 2 of the strip will es-
capc contact with all of the stops above the
one which has been 8o st by the moveinent of
the key, sothat the said stoponi ¥ will bestruck
by the lip; and os tle stops, beginning ab the
top, are conuected with the keys in the order
in which the Tatter ave numbered, the move-
meng of the lever will be erveater in propor-
tion as the stop operated is lower down, nnl
the movement of the indicator will be pro-
portionately inereaged,

As in other registering devives, it hoeomes
neeessary whea the namber adided exeecds
the highest number upon the indicator oper-
ated to also adjnst the adjueent indieator ae-
cordingly. Thus, if one of (lie indicators is
set to display the figure $ and the nwmber 5
or any number greater than I is to he added
and indicated, the seid indicator must be
turned uutil it exhibits the figure 3, while the
adjacent indicator muss zlso be turned (o dis-
close the figure 1, the snm of the two numbers
being 13, which requires the adjustment of two
indicators to show it.

To effect the tnrning of the seeond indicator
withont operating two keys, T consirnet the
parts which Lterm the *connection®’ between
each indicator and its key, 5o thai o portion
ol said conncetion gesred with the indicabor
is eapable of u slight movemens indepoud-
ently of the other pavts of the conncetion. T
lock these two parts fogethrer so that ordi-
narily they will operate os oire, and provide
means whereby the movable park is unloekad
and moved to turn the indicator the extent of
one fignre whenover the adjacent indicator is
bronght to a pesition to ueecssitate sael
movement. Thus, the head of each lever
cousists of the arm oy portion b, conneeted
rigidly to the arm ¥, and the tootiied segment
b, pivoted at 4 to thearm D%, and aspring, ¢,
is conneeted to the Lwo parls, 4 4 “y 50 a8 fo kend
to separate then, and a loves, I, is pivoled to
the partd”, and is provided with pin, 5,whieh
enters an L-shaped slot, 6, in the part 4 and
holds the latierin proximity to the part b* go-
til the lever Bis swang in the Qirection of its
arrow, Iigs. 1 and 5, when the pin will enter
the vertical portion of the slotaung permit the
portion & to rise nuder the action of thespring
¢, and thereby turn the indiestor to which
said portion & is gearved one-tenth of a revolin-
tion in the direction of its arvow. The lever
B3 18 moved to unlock the part b by @ pin, o,
projecting from the side of the indicator NCXE
to that to which the part # s searcd, which
pin, as the fignre 0 is Drouglht toward the iu-
dex-plate A% strikes a nrojiction, g ona lever,
B, pivoted to a cross-bar, ¢’y aud swings it so
as to bear against the end of the lover I and
carry the latler with it to nalock the swinging
segment, which will ther rise pudey the action

of its spring ¢ and tnrn the indicator next ad-
Jacent to thai indicater whose pinncted apon
the lever T¥,

All the indicators are opecated by the move-
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tnents of the respective keys in fhe manner
above described, and after o series of keyshas
been strack to register one of the numbers to
be added together it Decomes necessary to
bring the parts to their normal positions, soas
to permit any additional number to be added,
inasinuch as after alever, B, has been adjusted
by the action of one key its head must be de-
pressed before it can respond to the action of
another key. Thus, if’ the number 72,842 is to
be added, all the heads are depressed to bring
the parts fo an operative position, and the
keys 7284 2 in the serics 54 3 21 are sne-
cessively struck, thereby releasing the corve-
sponding levers, which move to different de-
grees, according to the positions of the keys
and the positions to whieh the stops d' are sct,
and the indicators show by the figures visible
through the index-plate A° an inerease corre-
sponding to the sum added. If, now, thesum
2314 is to be added, the heads of the levers are
all again depressed to restore the parts to po-
sition, go that when the keys 2 34 in theseries
3 21 are struck the corresponding levers can
move cach to an extent necessary to Insure the
required adjustment of the indieator and the
exhibition of figures indicating an increase of
234,

The adjustment of the levers is effected by
pressure upon the npper sides or edges of the
segments b, which has the cifect of moving
such of the latter as have been separated from
the portions b~ into contact therewith, wheu
they will be locked in place by the arms EY
falling back and earrying the pins 5 into Lhe
horizontal portions of theslots. The combined
movewment will then earry down all the seg-
ments until the arms & are all elevated to theic
highest positions.

As the depression of tbe segments whilein
gear with the pinions ¢ would turn bacle the
indicators, I provide means for throwing the
segments and pinions ont of gear prior to any
downward movement of the segments. One
means of effceting thig is shown, and consists
in jonrnaling the shaft ¢'in a swinging frame,
A" pivoted upon theeross-bar ¢, and inswing-
ing the frame back to throw the pinjons and
racks out of gear prior to the descent of the
segments. One means of effecting this ad-
justment is shown, and consists of a frame, G,
carried by the shaft ', Fig. 4, und cousisting
of side picees, ¢ ¢, and 2 eross-bar, ¢, each side
piece haviug near its lower edge an inelined
slot, o, Figs. 1 and 3, adapted to receive the
eross-bar ¢f, sliding in slots in the side picces
of the main frame, when the frame Cisraised,
the inclined edge &' of the slot serving to
thrast the bar a® back in the direetion of thear-
row as the said frame Cbegins to swing down-
ward, which backward motion of the cross-
bar @ witl be effected before the cross-bar ¢
is brought in eontaet with the npper edges of
the segments. '

The frame C is operated by o hand-lever, T,
which is connected to operate the shalb ¢, as
described hereinafter, and when the end of

the lever whicli is toward the operator is de-
pressed she frame C will be swung downward
and will force out the cross-bar o', with the
frame A® and the indicators, until the pinions
¢ are free from gear with the racks, and the
edges of the frame will then remain in con-
tact with the cross-bar ¢ and lold it in posi-
tion,the eross-har ¢' being then brought against
the npper edges of the segments and depress-
ing the Jatter. After the levers B arcbrought
to their normal positiou the hand-lever €7 is
released, when it will rise and the [rame C
will swing upward and the cross-bar a® will en-
ter the slots &, and Lhe pinions will be bronght
into gear with the racks as the frame O reaches
thie limit of its upward moveuient.

o permit the regurn movewent of Lhe cross-
har &, the ends thereof enter slols &* in the
side picees of the frawe, and an arm, ¢, pro-
jeeting from the eross-Lar o’ is slotted to re-
acive a pin, 8% on one of theside pieces, which
prevents the turning of the eress-bar ag i6
slides back and forth.

To prevent objectionable shocks and jars
in bringing the cross-bar ¢ against the seg-
ments, 1 place springs ¢* upon the segmentsso
as to be sirnek by the eross-Dar.

T4 will be seen that by theconstruction above
deseribed cach indicator is operated upon the
depression of any oue of the keys of a single
series, and that it has the effeet when turned
heyond a ecomplete revolution of moving the
adjacent indicator one step; that all the keys
have the same cxient of movement and are
operated by the same amonnt of pressure, bat
that while the movements of Lhe keys are the
same, the extent of the wovement of the con-
nertions between the keys of cach series and
cach indieator will vary according to the posi-
tion of the key which is operated, with a cor-
responding variation in the motion of the in-
dicator. Itwill be apparent thatk these effeets
may be scenred by the nse of keys and inter-
mediate counections differing to some extent
from those deseribed.  For instance, each se-
ries of keys may operate tipon a shafb suitably
geared with the corresponding indicator in-
stead of through the medium ol a rocking-le-
ver. The register may of course be of any
asual or snitable eharacler. The indicators
may be differcutly connected, as i3 coumon in
registering deviees, se that each will be moved
ouc step as the adjacent indicator cowmpletes
its entire movement, in which case the rack
must be thrown enli of gear with the second
indicator until the latter has woved one step.

Instead of withdrawing the register from
engagewent with the racks the latter may be
hung to pivots stiding in elongated openings,
so a8 to be withdrawn [rom the register, as

‘shown in Fig. 3, dotted lines, or the register

and the rack may be kept in constant connee-
tion, cach pinion having a ratehet-connection
with the indieator, so as to turn (he latter
when the rack is raised, buf to revolve inde-
pendently of the indicator when the rack de-
scends.
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It will be obvious that any suitable locking
mechanism may be employed for eonuceting
the rack portion of the scgment with its sup-
port, so as Lo permit a lHmited independont
movement of the rack portion, and thab sueh
locking mechanism may be actuated from the
indieators in a dillerent manuer from that de-
seribed.  Thus the segmental rack ¢ may he

Tig. 8, und be moved thercon to a limited ex-
tent by straightening or bending the ioggle-
Ievers 7/, whieh may e eftected by bringing
a voller, £, to hearagainst the same in ouc di-
rection and by a spring, f% foreing them in

the opposite direction, the roller 7 being ear- ;

ried by levers operated in like manuner as the
levers I3, orin any olher snitable manner,
Different forms of regulating devices may
be employed for determining the extent of the
movement of the conneetions according to the
keyoperated, Thnsthekeys may beconnected

to operate arms B°, Tig, 10, with shoulders #° |
p » f=3 1

arranged to hold the arms »" of the levers B in
their clevated position nuntil tlie arms I3 are
swung forward.

Instead of restoring the levers B to their
position by mecans ol tlie eross-bar ¢' bearing
upon thelevers, they may be moved by a cross-

bar, ¢*, extending beueath thearmsd, asshown :

in dotted lines, g, 1, or in auy other suitable
manner,

In some kinds of caleulations it is necessary
to indicate the snms of dillerent kinds of arti-
cles or mousy.

gate amount of @ series of checks and also the
amount of moncy represented by notes or coin
aud pertainiug to the same fransaction. In
order to permit this to be done with facility,
1 provide two or more registering deviees in
connection with one set of keys and interme-
diate mechanisin, and means whereby either
register may be thrown inle operative con-
nection with the Ireys, Thas the second reg-
ister, A, is Lung to the same frame, A® that
carriey the first register, A, and this frame is
vibrated so as to bring the pinions of either
register into gear with the racks . Fhis vi-

bration is elfected by means of a Tey, A% netn. |

ating a erank-lever, &%, eonnected by « rod, 77,
with an arm, §", npon the shalt «®. The upper
register is held in connection with the keys
while the sum of the checks is being {aken,
and after this is done the key A" is depressed
and the lower register will beswung into gear,
and the amount of eash i3 registered thereon,
and if additional eash or checks are then re-
ceived the additional amounis may be added
upon cither register by swinging it into op-
crabivo conneelion with the key and withont
any alteralion of the other registor.

Where, agin custom-housesand other places,
it is necessary to lndicate the value or number
of a series of different: articlos, o series of reg-

isters may be empleyed te be operated from -

ys.  ©One mode of arrang-
ing the registers in such case is shown in Tig,

the same series of keys.

For instance, in o bank it is
- 3 \ : |
somelinies necessary to ascertain the aggre- |
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9, which shows five registers carried by asi
i armed frame, revolving upon or with the shaf

«, and eapable of being turned go that either
register may be brought at will in operation
with the counecting devices hetween the reg-
ister and the keys.

When fwo registers are arranged one above

i the other, so that either may be bronght into
guided to slide npon the head b, as showu in i

connection with the racks, the lakter arc nec-
essarily Tonger than would be requived. if the
arrangement shown in Fig, 9, or if bub one
registering device, was nsed.

Wheu tlic arrangement shown in Tligs. 1 to
7 is employed,the slot iu Lhe arm «, which re-
ceives the pin b is widened, as shown in Fig.
1, 80 as Lo permib the swinging of the arm '
required by the vibration of the shaft o', .

AS 1t 18 necessary that eaeh indicator of the
lower vegister shall upon the completion of its
vevolubion move the succeeding indieator one
step, a8 In the upper register, I etfeet this
by extending the lovers [ or projections s
thercof, so as to be struck by the pins afof the
lower indicators to unlock the segments in the
sanie manver as they are unlocked by tlie up-
per indicators when the upper register is in
use aund with Hke elfeet,

The movement of the frume € is eliected
frowm the handle C' by conneeting the Tatter to
a sleeve, 4, veceiving and turning upon the
shaft a* and carrying a slotted arm, ¢, receiv-
ing a pin apon the end of an arm, ¢, extend-
ing from the shaft #’, and a spring, ¢, secured
to the gide frame, is coiled around the hub of
the shaft 6"and secured theretoat the end and
serves to fnrn the sleeve in the direckion of
the arrow, Tig. 7, the sleeve being tnmed ina
reverse direetion fo depressthe frameC when-

v ever the handle € is depressed,

It 1s froguently desirable to seeure a perma-
nent indication of the sam shown npon the
register, bui this cannot always be well done
without €0 covering the register as to prevent
the figures npon the latter from being seen.
In order to scewre o visible representation as
well as a permanent indieation of the number
registered, U employ, in addition to the regis-
tering deviecs deseribed, recording deviecs,
one arranged so as to be readily inspeeted and
the other constrnebed and combived with
means wherehy to nlgo print the numbers reg-
istered upon 2 8rip of paper.  Thus the sce-
ond register, A%, may be combined with pears
throwing ifi inte conneetion with the register
Aand withan inked ribkon aud platen whereby
the row of fignres in line upon the lower reg-
ister may be transferred to the paper, while
those on the upper rogister arve oxposed. I
prefer; however, instead of using tlie register
AT te use an indepondent printing-recorder,
B preferably avranged Dbeneath the shaft o
and above a platen, B', upon the base-plite of
the machine., When this arrangement is e

i Tloyed the shalt ¢ of the recorder I3 is enrried
by a frame, B, hung to stids ¢* upon ihe side
frames of the machine, and combined with de-
vices whereby the said (roine may be raised
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to bring the reeorder into connection with the
devices for operating it from the keys,and low-
ered to bring the lower row of type or figures
against the paper upon the platen.

The adjostment of the indicators or wheels

_of the printing-register is effected by connec-

tions preciscly similar Lo those employed lor
adjusting the upper register, each lever B car-
rying a second head or segment with a rack,
¢’.which gears with the eorresponding pinion
of the adjacent indieator of the lower register
and operatesihesamein thesgne manuer as bas
becn deseribed in econnection with the register
A, Tnthe operating device for the printing-re-
corder the movable section of the head ov seg-
ment is provided with an L-shaped slot to re-
ceive a pin, &, upon a locking-arm, B”, oper-
ating in the same manner as the locking-le-
vers B and operated from the pins « on the
indicators through the medium of levers BY,
each of which is hang to across-bar, ¢', on the
frame, and as a pin, &, is brought beneath its
inclined lower edge the lever is raised, strikes
the end of the locking-lover DY, aund thereby
releases the adjacent segment to permit it to
swing out under the action of o spring, ¢’y fo
move the adjacent indicator one step.

The frame B may be depressed to bring the
printing-recorder in eonkact with thie platen by
means of thear 1, (dofted lines, Fig. 2,) ex-
tending fron: the frame and adapted to be opoer-
ated direetly by hand,the frame being raised by
a spring, u, ot otherwise. [ prefer, however,
to employ devices operating more positively,
and consisting, as shown, of toggle-levers &
@', the former secured to the ghaft ' and the
latter jointed to the Jevers d' and algo to the
[rame B, as shown, so that by depressing a
handle or arm, B, on the shaft ¢' to rock the
latter in one direction the frame B will be car-
ried downward and the printing-indicators
will be brought against an inked ribbon, ¢,
while the spring = lifts the frame,when press-
ure npon the arm 13 is removed. The inked
ribbon is carried by rollers ¢ ¢, the latter
provided with a ratchet with which & pawl,
d", upon the frame 12 engages, S0 as to move
the ribbon slightly at each movement of the
frame.

Asin the devices operaling with the register
A, it s necessary to restore the movable patls
of the segments to their position after each
operation upon the keys; and this I effect by
means of a cross-har, ¢, carried by arms & of
the (rame C and brought against springs ab
the edges of the heads of the segments of the
rocorder, us the cross-bar ¢ is brought against
the corresponding parts of the segments op-
crafing the register A.

It is of course necessary to throw the pin-
ious of the register I¥ oub of gear with the
racks ¢” before each readjustinent of the levers
B. This is effected at the same time that a
like operation is ellected with the register A
by, means of an arm, D, Fig. 8, connected to
the shalt ¢, having & cam end, /% which bears
npon a grooved whecel, /7, npou the cross-bar

¢ of the frame T°, and when the frame C is de-
pressed the cam end of the arm forces down-
ward the end of the frame B° to earry the pin-
ions from gear with the racks.

It is generally desirable that the printing-
wheels shall be restored with all the indicators
at zero after any number lias been registered
and printed, in order thab it may be in posi-
tion to be properly reset toindicate any num-
ber to be subsequently registered and printed,
although the register A may indicabe the sum

e

-

75

of both nnmbers; and to secure this resulf L.

combing with each indicator a rack-bar, B,
sliding in bearings @’ @ npon the frame %, and
each gearing with the pinion of oue of the in-
dicators, and a spring, ¢, upon a eross-bar, ¢,
is arranged to be brought to bear upon a pin
or hearing, ¢!, upon each rack-bar I3, 8o as to
throw it inward to bring the pin ¢” of the ad-
jacent indieator against a shoulder, 7, of one
of the levers B', when thesign “077 will bethe
lowermost sign upon the indicator.

When theindicatorsol the printing-recorder
arc to be operated from the keys, they should
be left perfeetly free to turn withount rosist-
anee, and the shaflt &', which carries thesprings
¢, is thercfore hung iu the frame B, so a8 to
swing [reely, and each spring ¢ will swing
forward without resistance as the rack-bar B
is moved forward. When the indicators arc
to be restored to position, theshaft ¢ is tnraed
in the direction of its arrow, Figs. 1 and 6, so
as to canse the springs ¢ to bear agninst the
pins ¢, when cach bar I’ will be moved until
the indicator connected therowith 18 brought
to the zero position, the extent of the move-
ment of eonrse depending upon the extent to
whiech theindieator has been previously bur ned
from such position. Tho movement of the
shaft ¢ requisibe to bring the springs to bear
upon the pins ¢' regults from the swinging by
hand of a erank - lever, B, pivoted npon a
shalt, 7°, carried by the frame 1, and onc arm,
%, of which lover bears upon a pin, €', projeet-
ing from an arm, ¢, upon the shall ¢*, thelong
arm f* of the lever extending downward and
forward and in conjunetion with asimilar arm
ab the opposite side earrying a cross-bar, ¢
A spring, f* Fig. 6, dotbed lines, coiled upon
the shaft 7%, tends to raise slightly the lower
end of the arm /%, and a Ing, ¢, at the end of
gaid arm is arranged to engage with shounlders
3 9° upon an arm, 1, pivoted to oue ol the
side [rames of the machine and swingiug freely
upon its pivet. Arms e, projecting from the
ghaft ¢, carry a cross-bar, ¢, Fig. 1, upon
which the springs ¢ bear, and which when
carried from the springs by the voeking of
the shaft ¢ in the direction of the arrow per-
mits the springs to move independently in
acting upon the rack-bars B \When the
frame B° is depressed to ecffect the printing,
the lug ¢f is earried beoeath the shonlder ¥
of the lever 1, and when the frame B again
rises the lever I? will be retained in ils posi-
tion, Fig. 1, and its arm f; bearing upon the lug
¢, will swing the sbaft ¢ 1o the direction of il
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arrow, Iig. 6, and carry the cross-bar ¢ awany
from the springs ¢, whieh will then move jn-
ward the bars 13 and vestore the indicators to
their zero positions, The partsremain in the
position deseribed until the frame B is about
horizontal; but as it rises higher the lever B
will be slightly retracted and the Ing ¢ will
be withdrawn from the shonlder iy and the
lever B will be lifted by the aetion ol the
spring /7 until the Ing ¢ strikes the shoulder
¥y Fig. 8, the lever B’ being then free from
contact with the pin e, so that the shaft ¢’ ean
swing freely and the springs ¢ will exert no
action npon the bars BF,

The eross-bar ¢' acts as an equalizing-bar to
bring the wheels into Jine and Liold them in
place. As the printing - recorder descends
apon the said cross-har the lutter passes into
the notehes w0 of the wheels 1, and, bearing
against the inclined sides of the latter, brings
all the indicators into line and holds them in
place, and as the register rises (the bar &' be-
ing held in place by the action of the lever )
the wheels pass from the harzand are then (reo
to turn undier the action of the devices seb in
motion by the keys.

It is desirable in many instances to prevent
tluplicate printing—that is, afler the recorder
has onec been pressed upon the paper to pre-
vent 16 from again heing forced down to make
a print until a new number has been regis-
tered. To effeet this an L -shaped dog, T,
Tigs. 1 and 4, is hin ng loosely to the shaft g of
the printing-recorder, so fhatone arm will ox-
tend over the bar ¢ while the other arm, &, is
pendentandis provided withan inelined edge,
¢, 80 arranged as to be slrack by the eross-hbar
¢ when the latter euters the noiches .

In the platen B is an opening or noteh, 7
S0 arranged that when the'eross-bar ¢ isin the
lowest nolch, 0, o its greatest depth, the dog
I will be held insnch position thab its end
will enter the opening #, and the frame B ean
deseend Lo such an extent as to effeet the
printing.  When, however, the printing has
heen ecffected and the crogs-bar ¢ is hell by
the aefion of thelever 13 inthe position shown
in Fig. 1, the dog T will swing to saeh a posi-
tion ihat its lower end will strike the face of
the platen aud prevent the contact of the type
with the paperif the frame is depressed. This
arrangemcntalso preveuots the battering of the
type,which might result if any onc or more of
the wheels was turned so that the face of the
type would not be presented absol utely par-
allel to that of the platen. If oneof Lhe wheels
was thus oat ot adjnstment, the cross - bar ¢
could net travel as Jar as the botloms of ail of
the notches w, and the dog I could not there:
lore be moved by the cross-har to its full ex-
tent, and consequently would not be in posi-
tion to enter the opening ¢ and would pre-
vent the descent of the frame and the hatier-
ing of the type.

I do not limit myself to the mode deseribed
of restoring the indieators to their normal po-

sitions, as other means might he adopted. Tor
Instance, they might be weighted so ns to nor-
mally hang with the figure ¢ lowermost, bo take
this position whenever the indieators are free
from contact with suitable friction deviees.
Other means than those deseribed may bo em-
ployed for bringing the springs to bear upon
the rack-bars when the iudicators are to be ad-
Justed, leaving them free ab other (imeg, and
other stop-motions may be nsed to prevent the
fall deseent of the printing-indicators after one
impression or when any of said wheelgare ont
of adjustment.

Tu some iustances it is desirable to print the
date upoa cach slip upon whick the number is
printed.  This T eifeet by arranging dating-
wheels T upon the shait g, or otlicrwise sup-
porting them on the frame T3, so as (o operate
in conneclion with the olher priuting-wleels
when the frame B is depressed.

I do nothere claim auny of the features shown
hercin and also shown aud elaimed in nmy ap-
plications Serial No. 174,583, filed August 17,
1885; Serial No. 195,583, filed Marveh 17, 1886,
and Serial No. 256,566, filed November 30,
1887; northe printing devices Lorein deseribed

and forming the subject-matter of my appli-

cation, Serial No. 279,609, filed July 11, 1888.

T ¢laim—

1. The eombination of & series of numbered
independentindientors, aseries of independent:
keys to caeh indicator, conncetions hetween
each of the series of keys and cach indicator,
said conneetions being arranged Lo insure the
movement; of’ each indieator npon the move-
nent of any key of its sevies ana including a
series of stopsto cach serics of keys adjusiable
by but independent of the keys, arranged Lo
vary the extent of movement of the indicator
aceording to the position of the key strock,
substantially as doscribed.

2. The combivation of o series of independ-
ent indicators, o series of koys to cach indi-
cator, connections whereby each indicator is
operabed on the movement of any key of iis
series, conuections whereby each indiextor on
completing a revolution {nrns the adjacent in-
dicator of higher order one s D, and means
for disconnecting the indizaiors from the con-
neclions after each number is registerad to
permit the conneetions to assume a1 position
Lo operate the indiealors to rogister snoiher
number, substantially as descriied.

3. The combination of tha series of inde-
pewndent numbered indieators and a series of
independent keys having aniforin movements
connected with cach indicator and consiructed
to operate twe or more of the indicators simul-
tancously when released by the action of two
or more keys, and locking and releasing de-
vices operated by but independent of the Leys
for releasing and regnlating the movenont of
the indicator-operating devices, substantiall ¥
as described.

4. The combination, with the serics of indi-
cators and with ageries of keys conneched with
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each indicator, of a series of levers each con-
nected fo turn the indieator by its movement,
and locking and releasing and regulating de-
viees arranged between each leverand its keys,
whereby the lever is released and its move-
ment regulated according to the position of
the key strock, substantially as seb forth.

5. The combination, with the indieatovs and
pinions and independent keys arvanged in se-
ries, of actuating-levers carrying racks engag-
ing with the pinions and regolating devices
between cach lever and each series of keys, the
keys capable of movement independently of
said devices, substantially as specified.

6. The eombination, with the keys, indi-
cators,and intermedinte operating-connections
between each keyand ench indicator, of means,
substantially as described, for moving the in-
dicators to throw them oub of gear with the
said connections npon their return motion, sub-
stantially as set {orth.

7. The combination, with one or more keys,
a series of levers, indieators, and pinions, of
devices for throwing the indicators out of con-
nection with tho levers afwer the indicators
have beeu operated by the movewments of the
keys, substantially as sel forth.

8. The combination, with the indicators and
pinions and with the operaling levers and
racks, of appliabees for throwing the pinions
and raeks out of gear after the movement of
the indicators, for the purpose specified.

9. The combination, with the indicators, &
series of keys to each indicalor, and # series of
levers for operating the indicators, of appli-
ances for throwing the indicators oub of gear
with the operating devices when the latter are
moved in one dircetion, substantially as speei-
fied,

10. The combination, wilh the keys, a series
of independent rack-levers and Indicalors, ol
a feame supporting the indicators and adjost-
able to and from the said levers, substautially
as seb forth.

11. "The combiuation, with ihe series of op-
erating racl-levers, the shalt ¢, and indicators
supported by said shaft o, of uy ibrating frame
provided with edges beariug against the shaft
and constractad fo move the latter to and {rom
the levers, subsiantially as specified.

12. The combination, with the iudicators,
keys, and a series of levers acting upon the in-
dicators, of a cross-bar and means for moving
the bar to restore the levers to their normal
positions, sabstantially as speeified.

13. The combination, with the indicators, a
series of independeut operating rack-levers,
and series of keys, of a cross-bar arranged to
move the levers to their normal position after
they have been lilted by the action of the keys,
substantially as set forth,

14. The combination, with the indicators
and actuating-levers and independent keys,
of o frame carrying a cross-bar arrapged to
strike the actnating-levers, and a handle con-

!

neeted to operate said frame, substantially as
seb forth.

15. The combination, with the indicators
and a series of independent rack-levers, of a
frame carrying a cross-bar for moving suid le-
vers, and devices wherchy fio throw the indi-
eators in and ont of gear with the levers, sab-
stantially as specified.

16. The combination, with the indicators,
a series of independent keys to each indicator,
and aseriesofindependentintermediate connee-
tions, of a regulaiing device bebween the said
connections and the keys, consbrneted to in-
snre and determine the movement of the con-
nections, snbstantialiy as set forth.

17. The eombination, with the indicabors
and & sories of independent keys to each indi-
cator, of & separate connection for moving
each indicator, and a loek conneeted fo be op-
erated by each key of theseries, wheraby each
connection is held in its operative position,
sabstantially as set forth,

18. "The combination, with the series of keys,
indicatorg, and intermediate connections, of @
lock for seenring each conmeetion, and ¢on-
hections bebtween each key und the lock,
whereby said lock is operated by each key of
the sories, substantially ns speeitied.

19. The combination, with the series ol in-
dependent indiculors, & series of keys to each
indieator, and an operating-lever to each se-
ries of keys, of a locking-plate and connec-
tions hetween each key and said plate, sub-
stantially as sct forth.

90. The combination, with the indicators,
keys,operating-connections, andlocks,of stops,
cach connected to be operated by one of the
keys and arranged to limit the movenient of
tlie operating-counections aceording to the key
depressed, substantially as speeified.

21. The combiuation, with the indicators,
koys, and operating-connections, of a series of
stops for limiting the movements of sald con-
neetions, each connccted (o and movable by
one of the keys, substantially as set forth.

29. The eombinakion, with the operating-
lever and a scries of keys, of a corresponding
series of stops arranged to limit ke niove-
ments of the lever, and connections hetween
each key and oneof the stops, substantially as
specified.

23. The cowbination ol the operating-lever
carrying an armn provided with a lip, 2, a se-
ries of stops and connections between thestops
and keys, whereby any one of the stops may
be thrown into the path of the lip, substan-
tially as specified.

24, The combination, with the operating-le-
ver and a series of keys, of a lock for seeuring
the lever in its elevaied position, a series of
stops for limiting the downward movements

of the lever, and conneetions between each key
and thelock and one of thestops, sabstantially
as specified.

The combinakion of a fiame huving a
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slationary shoulder, the operaling-lever,keys,
notched bar, stops connected to be operated by
the keys, and a sirip, 1%, pivoted to the lever,

constricted to engage with said stationary !
( & series of keys to each indieator, and con-

shoulder on the [rame, and provided with a
lip, 2, arranged to engage with the stops,sub-
stantially as specified.

26. The combination, with each indicator

and aseries of keys to each indicator, of g se-
ries of independent intermediate connections,
a spring for operating cach eonnection to a

Hmited extent iudopendently of the key,a de- |

tent,and means for reloasing the laiter to per-
mit the conuection on one indicator to move
independently of 1lie key and operate its indi-
cator when {he adjacent indieator completes
its revolntion, substantially as speecified.

27. The eombination, with o serics of indi-

cators, a series of keys, and couneclions, of
means for operabing the latter npon the move-
meut of any key or keys, the said conncetions
being provided with parts capableof a limited
movement independent of the other parts, with
focking devices, and with means for releasing
the laiter as cach indieator completes o revo-
lation, substantially as set {ortl,
- 28. The combination, with a serios ol indi-
ators; of a corresponding serics of actnating
deviecs, and connections whereby the aetu-
ating deviee of onc iudieator is moved one
step, whether in motion o at rest, as the ad-
Jacent indicator eompletes ity movement, sub-
stantially ag set forth,

29. The combivation, with the series of in-
dieators and series of keys and series of inde-
pendent actuating-connections between tho
keys and indicators, of means, substantially as
described, for turning cach indicator one step
Independently of the key nction us the next
lower indicator compleles u revolntion, sub-
stantially as desecribed, '

30. The eowmbination, with the indicators

and keys, of actunting-levers constrneted to
move the indieators nnder the acltion of the
keys, and each lever consisti ng of two parts,
one having « limited movement independent;
ol the other nnder the action of a spring, a
lock for holding the bwo parts in conneetion,
and eonnections between the indicators and
locks, wherchy cach movable portion is re-
leased to automatically actuate {he adjacent
indicator as the next indieator completes its
revolution, substantially as set forth.

31. The combination, with (he indicating-
disks and keys, of levers, each provided with a
part geared wilh one of the indicators and ca-
Pable of alimited movement to turn the latter,
with a locking-lever, and connections hetweon
the latter and the adjacent indicater, subsgan-
tially as and for the purpose sef. forth.

32, The eombination, with the indicators, of

operating-levers in two parts, and locking. |

levers B"and 33, substantioily as specified.
33, The combination, with a series of indi.

catory, koys, and intermediate connections, of

one or moreadditional series of indieators, and

388,116

means for throwing cither series into eonnee-
tion with the operating deviees, substantially
as sot forth.

34. Thecombinaticn of suseries of indieators,

neetions whereby cach indieator may be set by
the action of any key of one serieg, and a de-
viee for restoring the connectious ko their nov-
nil positions at the will of the oparator, sub-
stantially as set forth.

35. Theeombiuation,with the series ol keys,
ol two or more registering devices, each ¢on-
sisting of a series of numbered Indieators,and
series of intermediate independent operating-
contecetions, and means for turning the regis-
tering devices to bring cither oneof the same

i into eonncetion with the operating deviees,

stthstantially as sei forth.

36. Theecombination ofascries of indicators,
and operating-keys and connections for mov-
ing said indicators, and operating appliances
independent of the keys and indieators, where-
by each indicator is moved one step by said
appliances independently of the keys as the
adjacent indicator completes its vevolution,
and devices aperated by the indieators for
throwing said appliances info aciion ax each
indicator completes ifs revolution, substan-
tially as described.

37. The combination, with two or more sc-
vies of keys, of a series of printing indieators
and independent connecbions, whercby each
indicator is coutrolled by each key of one of
the series, and menns for throwing the indi-
cators out of gear with the connections, snb-
stantially as set forth,

38, The combination, witli theseries of keys
aml registering deviee operated therefrow, of
an independent printing-recorder, and eon-
neetions whereby the latter is woved from thin
same keys and to the same exbent as the said
registering deviee, and means for throwing
each register ont of gear with the connections,
substantially as deseribed.

39. The eombination, with the series of digks
provided with lateral pins, of levers I3, racks
hnng to said levers, and locking-levers 13, and
springs ¢, subatantially as deseribed.

40. The eombination of the disks provided
with pins «, levers ecavrying racks pivoted
thereto, springs ¢, locking-levers 13, and le-
vers I3, sabstantinlly as deseribed.

41. The combinaiion, with (he register and
bhe recorder, of levers each caurrying two se-
ries of racks eapable of independent move-
ment, one georing with the register and the
other with the reeorder, and rack-operating
devices, substantially as deseribed.

42. The combination,with the lovers B, ear-
rying racks pivoted thercto, and locking-
levers 1, of two adjnstable rogisters, and le-
vers ¥ constructed o operabe with the digks
of each register, substantially us deseribed.

43, The corabination of the keys, indicat-
ing-register, intermediale conncefions, and
printing-recorder, frame 13, carrying the S,
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and toggle-levers @' d gubstantially as de- Tntestimony whereof I havesigned my name
seribed. to thisspecification in the presenec of twosnb-
414. The combination, with the independent seribing witnesscs.
keys arranged in series, and indicators and W. 8. BURROUGHS.
= connections, of levers d’, slotied plate ¢, and TWitnegses:
rods d, eonnected to the Jevers and having I. Y., FREEMAR,
terminal stops, substantially as described, CHarLes B, FOSTER.
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UNITED STATES

PateEnT OFFICE.

WHITCOMB L. JUDSON, OF CHICAGO, ILLINOIS. -

CLASP LOCKER OR UNLOCKER FOR SHOES.

SPECIFICATION forming part of Letters Patent No. 504,088, dated August 29,1898,
Application flled November 7, 1891, Renewed Pebms.ry- 18,1893, Serial No. 462,023, (Nomodel.)

To all whom It may concern:

BRe it known that I, WEITCOMS L. JUDSON, 8
citizen of the United States, residing at Chi-
cago, in the county of Cook and State of Illi-

‘nois, have invented certain new and useful

Improvements in Clasp Lockers or Unlockers
for Shoes, &e.; and I do hereby declare the
following to boa full, clear, and exact desorip-
tion of the invention,such as will enable oth-
ersskilled in the art to which it appertains to
malce and use the same.

My invention relates to clasp lockers or
unlockers for automatically engaging or dis-
engaging an entire series of clasps by a sin-
gle continnons movement. 4

The invention was especially designed, for
use ag a shoe-fastener; but is capable of gen-

eral application wherever clasps consigting of |

interlocking parts may be applied, as for ex-
ample, to mail-bags, belts, and the closing of
seams uniting flexible bodies. To these ends,
the elasps are made with interlocking parts,
which-when in position, can onlyengage with
each other when at an angle to the .line of
strain.  The clasps have underreaching and
overlapping projections or lips at their for-
ward ends, which prevent the engagemont or
disengagement of the hook-portions of the

" clasps, except when thrown upward, so that

39

35

" by hand.

40

45

'50

the parts stand at an angle to each other of

about ninety degrees. These clasps or fas-

teners, when in position on the flapsof a shoe
or other adjacent parts which are to be united,
may be engaged one at a time in sueccession,
by bringing the two parts of the clasp into
their propet angular relation to each other,

Butthisis atediousoperation; and
difficult to draw the adjacent parts
under the proper strain. I there-

makes it
together,
fore provide a »
movable guide, having ean-ways for permit-
ting the passage of the clasps, by the move-
ment of the guide from one end to the other
of the series; and the cam~waysareso shaped
and related that by the passage of the guide

in ono direetion, the clasps will be drawn to-

gether and engaged, while by tho passage of
the guide in the other direction, the clasps
will De disengaged and separated. In other
words, one end of tho guide has two channels

‘the guide.

hand device, consisting of a’

or grooves, for receiving the parts of the fas-
teners when open or disengaged, and this may
be called the forward end of the guide. The
other or back end of the guide has a single
channel or cam-way, into which the two ehan-
nels from the forward end converge over an
angular center ridge or instep. By moving

the gnide, so that the separate parts of the.

clasp enter the respective chamnels or cam-
ways at the front of the guide the entire se-
ries of clasps will bedelivered from the other
or rear end of the guide properly engaged to-
gother. If the clasps be engaged and the
united
the guide,and the gnide moved over the same,

the clasps will be delivered, disengaged from-

each other, at the forward end of the guide.

set be introduced at the rear end of

The invention, as applied to fasten shoes, )

is illustrated in the accompanying drawings,
wherein, like letters referring to like parts
throughout, Fignre 1 is a front view of & shoe
embodying my invention, showing the gnide
as applied to close the fastenings. Fig. 2 is

a similar view, showing the guide, as applied

to open the fastenings. Fig.3 is an end view

of one of the clasps detached, shown as in the

Tocked pogition of theparts. Fig.4isa simi-
lar view, showing the angle which the parts
of the clasps must assume, to lock or unlock.
Tig. 5 is a plan, showing several clasps in po-
sition, on portionsof the flaps of a shoe. Fig.
G is a side elevation of the guide, the right
hand end of the firure, being the front end of
the guide. Fig.7 is a longitadinal section of
Fig. 8 is a front'end view of the
same,showing the entering position or deliv-
ering position of the unlocked clasps. Fig.9
is a vertieal cross-section on the line X X of
Fig. 6, showing the clasps at their engaging
or disengaging position, at the top of the
ridge. Fig.10 is a rearend viewof the guide,
showing the eutering or delivering position
of the clasps when engaged. : :

A is the body of the shoe, and « ¢ are the
flaps of the same. ¢ is the tongue underly-
ing the flaps. ‘

jo
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B B’ are the two parts of the clasp, con- .

stracted with hook-portions and underroach-
ing and overlapping parts, as before stated.

The clasps are attached to the flaps of the

I0Q
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shoo in any suitable way,shownas by wires b
in Pig.5,and as by lacing-strings C,in Wig.11.

D isthegunile. Thebase-pieceof the guide
is flat on its under surface,and hason its mar-
gin upturned lips d. The top-plate of the
guide is concave or bell-shaped, and the con-
necting-body or center-piece nniting the two
plates is angnlar in ecross section, as before
stated,and extends from the forward end of the
guide to a point near the center of the same,
and serving to divide the space between the
base and top pieces into two e¢hannels or cam-
ways at the front end of the guide, which ter-

minate as before stated, in the common chan--

nel or camway, at the back of the gnide. A
bail E is fixed to the top piece of the guide
and carries a ring I, which serves as a finger-
pull to operate the guide.
bail, the ring or finger-pull may be shifted, so
that the strain may be applied near the for-
ward end of the guide, for moving the guide
forward, and near the rear end of the guide,
when moving the same backward.

The operation of this device has already
been described. ; :

The clasps may be easily and cheaply made
of any suitable metal, and may be finished in
any desired manner, so as to give an orna-

- mmental appearance. Theymay be very small

in size and when properly applied to a shoe,
will give the same a neat appearance and be
comfortable to the wearer,
that the clasps are placed sufficiently close

together on the flaps of the shoe, so that they"

cannot be disengaged by an endwise move-
ment of the same, ' i

The guide or hand-device may be made re-
latively small, as compared with the draw-
ings, so that it may be readily inserted at the
lower ¢nd of the series of fasteners, working
on the tongue of the shoe, as a base or track-
way, It should be noted that the guide acts
not only to- engage the elasps ir its forward
motion, but serves also to draw the flaps to-

gether,and the parts of theshoe tightly about

the foot.

The practicability of the invention herein-

described has been demonstrated by aetual
usage of the same. T

It will be noted, that in the construction

ghown in Fig. 11, the shee is provided with
top or overlapping flaps c, for concealing the
fasteners from view.

What I claim, and desire to secure by Let-
ters Patent of the United States, is as follows:

1. A device for engaging and disengaging
a series of two-part clasps upon a shoe or
other article, consisting of a guide-block, hav-
ing two_gnide-ways, which are separated at
one end thereof. and converge into a single
guide-way, at the other end thereof, said

- guideways being adapted to engage and earry

o5

the interlocking parts of the clasps into or
out, of engagement with each other, as the
block is moved forward or backward over the
same, substantially as deseribed.

In virtue of the.

Itshould be noted

£04,088

2. A device for engaging and disengaging'
a series of two-part clasps, upon a shoe or

other arficle, the interlocking members of

which are engageable or disengageable by an
angular movement of the same, the said de-
vice consisting of a guide-block having a pair
of camways or gnide-chanpels, in angular re-
lation to cach other at one end of the block,
and converging and blending into a common

riel

75

cam-channel or guideway at the opposite end

of the block, substantially as described.

3. A hand-device, for engaging or disen-
gaging a series of two-part clasps, upon a
shoe or other article, by a single continuous
movement, the said device consisting of a
movable guide-block having a pair of diverg-
ing camways or guide-channels, at one end
of the bloek, which converge and blend into
a single eamway or guide-chanuel at the other
end of the block, over an angular surface,

8o

85

located at the junction of the said ways, and -

extended outward on an incline toward the
end of the single camway, substantially as
and for the purpose set forth. ;

4. A device for engaging and disengaging
a series of clasps upon a shoe or other arti-
clo, the interlocking parts of which engage
or disengage by an angular movement, of the
same, the said device consisting of a guide-
block, having two bell-mouthed guideways
in angular relation to each other, on opposite
sides of the Dlock, at one end thereof, and
converging and blending over an angular sur-
face into a single bell-mouthed guideway at
the other end of the block, substantially as
described. '

g
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5. A hand device for locking or unlocking :

a sevies of two-part elasps or similar inter-
locking parts, which engage or disengage by
an angular movement, the said deviee consist-
ing of a movable guide-block provided with
& pair of divergent camways or gnide-chan-
nels, at one eud of theblock with bell mouths
at an angle to each other in the vertical

plane, the said@ channel converging over an .

angular surface at the junction of the ways
into a single camway or guide channel at the
other end of the block having a bell mouth
in the horizontal plane, whereby, under & sin-
gle continuous movement of the hand device,
the clasps may be drawn together and en-
gaged or be disengaged and separated at will.

0. A device for engaging and disengaging
a series of two-part clasps upon a shoe or
other article, the same consisting of a block
having two guideways which are separated
at one end thereof and converge into a sin-
gle guideway at the other end and a shifting
finger-pull eonnected with the block and ar-
ranged fo slide to either end for applying
power to pull the bloek in either direction,
substantially as and for the purposeset forth.

7. A device for engaging and disengaging
a series of two-part clasps upon a shoe or
other article, the same consisting of a bloek
having two guideways which are separated
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. aft ono end thereof and converge inte a sin-
gle guideway at the other end, said block be-
ing provided with a staple extending from
end fo end thereof and a ring upon the staple
constituting a shifting finger-pull to draw the
block in either direction,substantially as de-
scribed. - :

In testimony whereof I affix my signature in
presence of two witnesses.

3

WHITCOMB L. JUDSON. .

Witnesses:
Jas. F. WILLIAMSON,
CHARLEY O. HENTHORN.
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Rebert C. Baumann, Alexandria, Va., assignor to the
. United States of America as represented by the Sec-
retary of the Navy

Application August 1, 1957, Serial No. 675,787
9 Claims. (Cl. 312~352)
(Granted under Title 35, U, 8. Code (1952), see. 266)

The invention described herein may be manufactured
and used by or for the Government of the United States
of America for governmental purposes without the pay-
ment of any royaltes thereon or therefor. C

The present invention relates to the design of carth
satellites and more particularly to the outer shell struc-
ture of the satellite and the supporting members therein
which carry the instruments,

Heretofore scientific exploratiens of the upper atmos-
phere in order to obtain a better understanding of the
physical phenomena in these regions has been carried out
by the use of gas filled balloons and by rockets carrying
speeific instruments, These explorations have been lim-
ited to certain areas of the upper atmosphere and to short
periods of time for taking the desired data,

Earth satellites made according to the present inven-
tion can be fired into the upper atmosphere to encircle
the earth and (0 obtain daia throughout the whole area
about the earth.. Observations can be made of electro-
magnetic radiation from the sun which does not penetrate
the earth’s atmosphere, and to study incoming radiaiions
and relate them to the affected regions of the atmosphere
such as ozonosphere and the ionosphers. The satellite
will further provide ncw and unprecedented opporfunities
for scientific measurements of the upper atmosphere and
will increase the observable time for taking measurements
and provide a more widespread test area. Also more
intelligent information about the size and shape of the
earth can be obtained by such a satellite.

It is therefore an object of the present invention to pro-
vide a satellite structure which can be fired into the upper
atmosphere and remain for relatively long periods of time.

Another object is to provide a structure which is adapted
to carry instruments into the upper almosphere for upper
atmosphere observation. -

Yet another object is to provide a structure which
be easily asscmbled and disassembled.

" Other and more specific objects of this invention will
become apparent upon a careful consideration of the fol-
lowing detailed description when taken with the accom-
panying drawings, in which: - ;

Fig. 1 is a plan view of the satellite which is cut away
to ilustrate the inner structure; .

Fip. 2 is a side clevation view of the inner structure of
tho satellite;

Fig. 3 is a sectional view of the antenna which itlus-
- ftrates the mechanism which operates the antenma to permit
. Tolding. :

. The present invention provides a spherical shell within
which a supporting structure aids in maintaining the shape
of the spherical shell and also provides easy access to the
innermost part for securing.and assembling the instru-
ments. The inner structure has antennas connected there-
to which are adapted to extend ovtwardly along the equa-
tor to provide the necessary function of sending and re-
ceiving signals. _ ’

Referring now to the drawings wherein like reference
characters vepresent like paris throughout, the satellite
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“structure 10, as illustrated, comprises a housing which

has a lower hemispherical section 11 and an upper hemis-
pherical section 12 which are fastered at the equator to
a channeled strpcture 13, by rivets and/or screws as
appropriate. The upper hemispherical section 12 is
formed in two parts 14, 15 wherein the uppermost part
15 permits limited access to the inside thereof for adjust-
ing the instruments and final assembly thereof. The hous-
ing is formed of magnesium or any other snitable material
which will withstand the pressures and temperatures oi
the atmosphere within which the satellite structure travels,
and in addition the rigorowvs vibration, acceleration and
aerodynamic heating incurred during the ascending trajec-
tory. ’

The jower and upper hemispherical housing sections are
girdled on the inner surface respectively by pressure zones

" 16 and 17 formed by an annular band of metal similar to
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the housing and welded thereto. The band is somewhat
rounded and so formed so as to afford equal strengih to
withstand pressures both internally and cxiernally. Fhe
pressure-zones have pressure lines 21 and 22 which extend
therefrom and connect with a pressure gauge (not shovm)
in the inner structure. The pressure zones are adapted
to withstand both positive and negative (vactum) pres-

-sures. 'The zones are filled with unequal pressures for

the purpose of determining if puncture occurs during
the ascending trajectory and further to delermine which
of the hemispherical sections has been punctured in the
event the shell is punctured during flight. _
The bousing has an inner sopporting structure which

. comprises an inner cylindrical chamber 23 secured at

the bottom by a low thermal conductivity sapport 52 of
“Kel-F” or other suitable material, to a main suppoit
column 24 which is cennected at the bottom to the inper
surface of the lower hemispherical surface. Conceniric
with the cylindrical chamber is a inbular ring 25 which
is connected to the chainber by four tubular rods 23 mads
of “Kel-F” or othcr suitable material with low thermal
conductivity, said rods extending therefrom aleng equally
spaced radii at the equator of the sphericai shell. 'Thc
tubular ring is supported vertically by four bow shaped
tubular members 26 spaced 90 degrees apart with respect
to a plane through the eguator of the spherical shell.
The -bottem ends of members 26 are secured to the main
support 24 by welding or any other suitable maaper and
the upper ends are likewise secured to an annular member
29 to which sections 14 and 15 of the upper hemispherical
section are secured.  The main support 24 is also designcd
to receive the satellite separation mechanism. Extending
radially - from the conceatric ring 25 along radii in the

" equatorial plane are four tubular rods 27 spaced S0° apart

and 45° with respect to members 26. Fach of the rods
terminate in an enlatged cylindrical tubular portion 23
which supports an antenna 31 and a flanged portion 32
on the end thereof that aids in supporting the shell struc-
ture at the equator. As can be seen by illustration in
Fig. 1, the shell structure is also supported at the north
and south poles by the supporting frame siructure, -

The Banged portion 32 is curved to fit along the inner
surface of the shell structure which is secured thereto hy
suitable screws 30 or any other suitable means and the
cylindrical end portion of the anienna supporiing atruc-
ture in-adapted to receive the end of the antenna and an
insulating member 33 by which the antennas are secured
to the tubular end portions. The insulating members may
be made of Teflon or any other svitable material which iy,
cylindrical in shape and has a diameter such that it firs
tightly into the cylindrical end pisce. The insulating
member is formed in two pieces and adapted 1o fit abovt
the end of the antennas which is held thereto by & pin 34
and a 1ib 35 or the end of the antenna. . A connector 2§
makes contact with the antenna to provide ronnecting
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means through which signals may be sent or received and
also to provide means for holding the insulating member
and antennas in the cylindrical end piece 28.

The antennas are designed such that they may be folded
at an acute angle with respect to the antenna support rods
27. 'The antennas are made in three sections 37, 38 and
32 of aluminum tubing having a wall thickness of 0.024
inch. The tubes provide a mcans by which suitable mech-
anism may be installed to permit folding and subseguent
autgmatic return to a Jocked unfolded position as shown
in Fig.'3. The mechanism includes a short stub end 41
which is secured to the cylindrical end pieces 28 by in-
sulating member 33 and connector 36, apd tapered on
the other end to be received by a tapered end of antenna
section 37, The stub end 41 is secured to an elongated
cylindrical member 42 which is adapted to be inserted for
free movemcat into the antenna cnd section 37 and piv-
otably commected to stub end 41 at 43. A fixed mem-
ber 44 is secured in the outer end of section 38 by rivet
50 and a spring 45 is connected thereto and to the cylin-
drical member 42. The inner end of antenna section
28 is connected to the outer end of section 37 at 46 ad-
jacent to cylindrical member 41 and the inner end of sec-
lion 29 is secured at 47 to the outer end of anfenna
section 38 adjacent to the fixed member 44,

In crder to position the antenna in its folded position,
the antenna is puiled away from the spherical section
unti] the inner tapered end of section 37 clears the pivot
43 which permits folding. During launching of the
satellite the antennas will be in a folded position shown
by dotted lines in Fig, 3 and resting upon suitable stops
on the nose cone section, not shown, and upon release
of the nose section, the spring 45 will pull the antennas
into normal flight position as shown in Figs. 1 and 3.
Such an arrangement affords protection for the antennas
during the critical stages of launch as well as enabling
the use of a relatively long antenna without medifica-
ticn to the launching vehicle.

Jn addition to the anfennas equally spaced about the
equator there are suitably spaced four microphones, a
Lyman Alpha solar cell and a Lyman Alpha ion cham-
ber. YFurther there are various gages and comnnections
thereto from the shell structure such as erosion gages, tem-
perature gages, pressure gages and any other attachment
for suitable equipment.

The cylindrical chamber 23 is adapted for use as the
pewer supply storage and for securing various instruments
thercin, These instruments do not coostitute a part of
the present invention, therefore, further discussion is not
seen to be necessaty,
cylindrical chamber provides the connections for most
of the instruments in the chamber and is therefore de-
signed to secure the connectors therein.

The internal structure, the internal cylindrical chamber
aind shell assembly ave clectro-plated with zin¢, copper,
silver and a coating of 0.00005 inch of gold to facilitate
handling, reduce corvosion, and for thermal considera-
tions. The outer surface of the magnesium sphere is fur-
ther coated evaporatively with a silicon monoxide coat-
ing which has several underlying coatings of other metal
substances as follows: a layer of chrom:um, a layer of
stlicon monoxide, and a la.yer of aluminum. The ﬁmi
silicon monoxide coating gives the desired thermal emis-
sivity. These coatings are for the purpose of regulating,
{o some degree. the mean orbital temperature of the
housing by setting the ratio befween absorptivity and
emissivity.

The above structure has been described for a satellite
structure fo be used in actunal flights in the upper at-

zosphere. However, it is fo be understood that applicant
is not to be limited to the materials from which the
structure is made since it is obvious that similar struc-
tures can be made of other materials. The materials
from which the satellite structure is made will depend on
the particular use to which it will be applied, that is,

However, the top cover 51 for the *
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similar structures can be used for giving lectures, group
discussions or even as a toy and will not require the
particular materials for the structure as required for upper
atmosphere flights.

Obviously many maodifications and variations of the
present invention are possible in the light of the above
teachings. It is thereforc to be understood -that within
the scope of the appended claims the invention may be
nracnced otherwwe than as specifically described.

What is claimed is:

. A satellite which comprises a thin shell spherical
saructurc and an inner support structore, said inner sup-
port structure comprising a support column, a plurality
of bow-shapcd members and a first ring, all positioned
conczutyically about an axis through said spherical sfruc-
ture, said bow-shaped members being secured at one end
to said support columnr and at the ather end to said first
Ting, said support column and said first Ting being secured
Lo the inner surface of said spherical structure, a second
ring. secured to said bow-shaped members at the equator
cf said spherical structure and a plurality of radially ex-
tending members secured to said second ring and to the
inner surface of said spherical siructure at the equator.

2. A satellite as claimed in claim 1 wherein the ends
of said plurality of radially exiending members secured
to said ring and to the inner surface of said spherical
structure are adapted for mounting antennas that extend
outwardly. from said spherical structure, said antennas
being adapted for pivotable movement for angularly posi-
tioning said antenaas with respect to said mounting struc-
ture.

3. A saletlife structure comprising an outer spherical
structure and a supporting structure within said sphericai
structure, said supporting structure being formed of a
plorality of bow-shaped members assembled about an
axis of said spherical structure and secured respectively
at opposite ends to a cylindrical chamber and a concen-
tric ring each of which are secured to the inner surface
of said spherical structure, and a ring secnred to said
bow-shaped members at points on a plane perpendicutar
to the axis about which said spherica) structure is secured.

4. A satellite structure which comprises a thin sheli
spherical structure and a supporting structurc thhm said
spherical structure, said stpporting structure comprising
a plurality of bow-shaped members, a support column
and a first ring, all aesembled concentrically about an
axis through said spherical strocture perpendicslar to a
plane through the spherical section at the equator, said
bow-shaped members being equally spaced and securcd
at one end to said support column and secured at the oppo-
site end to said first ring, a second ring structure secured
to said bow-shaped members along the plane at the
equator, 1adlally extending support members secured to
said sccond ring structure about said bow-shaped mem-
bers and to said support column, and other radially ex-
tending support members secured to said second ring
structure about said bow-shaped members and to the inner
surface of said spherjcal structuve at the equator, )

5. A satellite structure as claimed in claim 4 in which
at least four bow-shaped members form a part of said
supporting structure.

6. A satellite structure as claimed in claim 4 in which
said spherical structure is formed by a plurality of sec-
tions.

7. A satellite structure as claimed in claim 4 in which
said spherical structure is formed by ope section from
the equator and below and by two sections from the
equator and above said equator, two of said sections
being adapted to be secured at the equator to clrcularly
extending channel sections and said two sections above
said equa.tor being adapted to be secured to said con-
centric ring of said supporting structure.

8. A satellite structure which comprises 2 thin shell
three sectioned spherlcal structure and a supporting struc-
ture within said spherical structure, said supporting



5 ;
structure comprising at least four bow-shaped members,

a support column and a first ring all assembled concen-
trically about an axis through said spherical structure

perpeadicular to a plane through the spherical stricture .

at the equator, said bow-shapcd members being equally
spaced and secured at one end to said support column
and secured at the opposite end to said first ring, said
support column being secured to the inner surface of
said spherical structure, a second ring structure secured
to said bow-shaped members on a plane through the
equator of said spherical structure, radiaily extending
support members secured to said ring siructure and to
said support column on said plane, other radially extend-
ing support{ members secured to said ring structure at
one end and having a flanged end at the other end
adapted to be secured to the inper surface of said spheri-
cal surface at the equator thereof, said flanged end of

5
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said other radially extending support members being
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adapted to support antennas on the outer surface of said
spherical stiucture.

9. A satellite structure as claimed in claim 8 wherein
one of said sections forms a part of the shell structure
frem the equator and below and the other two sections
form the surface above said equator, the section below
the equator and one of the scctions abeove the equator
being adapted to be comnected to circularly extending
channel sections at the equator and the two sections above
the equator being adapted to be connected to said first
ring of said support structure.

References Cited in the file of this patent
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UNITED STATES

PaTENT OFFICE.

G LATHAM SHOLES, CARLOS GLIDDEN, AND SAMUEL W. SOULE OF MIL-
WAUKEE, WISCONSIN. '

IMPROVEMENT IN TYPEAWRITING MACHINES.

’ Speciﬁcn.tion forming part of Letters'Pateﬁt No. 79,265, dated June 23,1868,

To oll whom it ma Y CONCOTR:

Be it known that we, (. LATHAM SHOLY‘S
CARLOS GLIDDEN, and SAMUEL W.SOULE, Of
the city of Mrl“.ml\m and county of Mil-
. waukee,and Stateof W’isconsin haveinvented

new and useful Improvements in Type-Writ-
ing Machines; and we do hereby declarc that
the following isafull, clear, and exact deserip-
“tion of the mventlon which will enable those
skilled in the art to make and uso the same,
.reference Dheing had to the acceompanying
drawings, forming part of this specification,
in which—

Figure l'is a pe:spectlve view of the ma-
chine; Figs. 2, 8, 4, 5, 6, and 9, views of de-
tached parts thiereof; Fig. 7, a view of a lon-

" gitudinal vertieal seetion thereof, and Fig. 8
a view of the rear elevation of the same.

This invention is of improvements to an
invention of a type-writing maching, an ap-
plication for a patent for which we filed Oec-
tober 11, 1867. . Its features are a better way
of working the type-bars, of holding the pa-
per on tlle earriage, of moving and regulat-
ing the movement of the earriage, of holding,
applying, and moving the inking-ribbon, a
- self-adjusting platen, and a rest or- cushion
for the type-ln: s to fotlow.

Make a case A, abouttwo feet sq nare, fom
Lo six inches deep, or of any 10111u-zte dimen-
sions, of material and finish to one’s taste,
with. the lid or cover A’ hinged to the back
board A® by hinges f, asshown in- Figs. 7 and

8. In the cover ¢ut a circle,as shown in Fi ig.”

7. Make a eireular annular disk 13, of any
hard tough material (we uscand prefer brass)
four to five inches in diamcter, or any re-
~qaired size, with a circle or hole in the cen-
ter, one to one and a half or more inches in

dmmetcr, with the outer edge or periphery-

one-half to three-fourths of an inch or more
thick, and the inner edge or circumference
of tha central circle two-eighths to three-
eigliths of an inch or more thlck with the top
bule planed level and smooth and the bottom
side beveled, if preferred, from the outer to
the inner edwe with as many radial slots or
grooves as types to be used cut in the bottom
side from the central cirele to the periphery,
and deep to within an eighth of an inch of
the top, less or more, with slots in the outer
edge or periphery one-half to. three-fourths

of an ineh or mote deep to.wmfd' the central
-cirele to- meet and fit exactly the radial
grooves, and with a groove for pivot-wire cut
in and cireumseribing the periphery, asshown
in Figs. 1 and 5.

Of any suitable material (we use and pre-
fer steel} make as many type bars or ham-
mers ¢ as types to Le used orslotsin the disk. .
Pivot the outer ends of the type-bars in the
slots in the onter edge by a wire laid in the
groove-in the periphery circumscribing the
disk. On the upper sides of the inner ends
of the type-bars cut in relief the types to be
used. Make all the type-bDars of the-exact
length of the radius of the e¢irele of the disk,
s0 each type on the inner ends, when thrown
up into the radial grooves, will ‘strike against
the central point. (See Figs. 1, 5, and 7.)
Fasten. the disk thuscombiuned with-the type-
bars in the circle in the cover of the case, as

- shhownie Figs.1'and 7, byanyconvenientmeans

not interfering with the working of the type-
bars. (We set it onwireposts f.lstened tothe
botton of the case.) Inthe case,on a suitable
frame, put a key-hoard similar to the key-
board of a piano, having as many keys L, plus
ong, as types to be used, as shown in Fig. 1,
cach key reaching from the front in underor
oppositethetype-barsand pivoted toorvibrat-
ing on the fulerum or beamm M, as* shown in
Fig. 7. On the inner end of each key,except-
ing the space-key, fasten a finger v, made in
wny convenient way, (woe use i stiff wire,) or
bewdd the inner ends of the keys so the fin-
gers will be part of the keys to reach the cor- .
10‘aponduw type-bar, so that when the front
end of lhc ey is plessed down it will strike
and throw the type-bar up into its radial
groove and its type-end against the central
point, asshown in IFig. 7. ‘The ends of the fin-
gers will thus be in a circle eorresponding to
the cirele of the disk and type-bars. Within
and below the circle of the fingers and type-
bars set a cashion or rest ¢, of any material
for the type-bars to fall back and rest on af-
ter having been thtown up against the cen-

tral point, as shown in Fig.7. Over the cen-
tml point of the inner circle of the dtisk sus-
pend a solid anvilor post O’ inany firm man-
ner, as by the arm D, fastened to the edge of
the case and reaching out to the anvil, as

shown in Figs.1and 7. In the bottom of the



anvil makea spherical cavity or bowl. Make

- angle to the main bar.

a platen G of any hard smooth substance (we
use -metal) with the bottom or face finished
smooth and level, and with the top spherical
to fit the bowl in the bottom of theé anvil.
Fit and atfach the spherical end of the platen
in and to the bowl of the anvil, thus mak-
ing of the connection a universal joint, and
making the platen self-adjustable. (See Figs.
1and7.) Hang the platen as nearthe plane
of the surface of the cover of the case agwill

“fjust admit the paper to be written on and the-

carbonized paper or inking-ribbon to pass

. easily under the platen and over the disk and

case. Thisadjustable platen insares the types
meeting the paper evenly and squarely, and
giving a full and fair impression thercof when
thrown against the paper. i

Make an open frame C, (7, and C?with the
bars ¢ and C? as arms to the main bar C, as
shown in Fig.1,the armgprojeeting at a right
Extend the arm C’ so
that when the main bar C islaid flushand even
with the front edgeof the main part of the
cover of the case it will reach entirely across
to the back of the case and projeet so .that

. the cord » may be attached to the open end,

as shown in Fig. 1. To the front edge of the
bar C attach a cleat §, to jut down against

. the edge of the eover of the case, as shown in

Fig. 1. On the front edge of the top of the
cover lay a rail,and on the under side of the

. bar C at each end, in the corner next to the

cleat 8, pivot a small flange-wheel to roll on
the rail and enable the frame to move easily
from right to left and back, or attach the
ears g to the edge of the cover or table, as
shown in Fig. 1, {two, next the keys, not bein

seen in the drawings, because of the cleat S,

and under the cleat S fasten two rings to
serve as guides. To the ears g attach rodse,

‘extending from the ears seen in Fig. 1 to the

ears unseen next the keys and through the

- guides. ‘This will enable the frame to glide

easily from right to left and back, and be a
guide to keep if always in place. To and
within the frame C, C’, and C*attach another

" open frame E, E’, and E2 as shown in Fig. 1,

with the bar B opposite and parallel to the
bar C, and the bars E’ and E? parallel with
the bars C’ and C% To the bars ¢’ and C*at-
tach springs b on a line through the center of
the platen, parallel to the bar C, to .press
down on the bars E’ and E? Arrange the
frame E, E’, and E? to slide to and from the
bar C, the bars E’ and E? along the bars ¢’

-and C? either by slots or grooves in theinner

~ edges of the bars C’ and C? and tongues on

the onter edges of the bars E’ and K2 to fit
and work therein, or by clasps on the bars
E’ and E2 reaching overand around the bars
C’ and C? and fitted sa as to slide readily or
by any otherobvious device. At the endsof
the bars Ef and E?, where they join the bar
E, fasten two limber, thin, flat wire springs
a, a8 long as the bars E’ and E? so that in

sliding the frame E; E’, and E? {0 and from

Par : . o . te26s _ _

the.bar C the springs ¢ will be pressed close

to the bars K" and E? at every point in their
length as they pass down and under the.
springs b, attached to the bars C/ and C2

Rabbet the bars E, E’, and E? at their inner .
edges, so they may be'as thin as practicable,
and form 2 chase or bed for the paper to lie
in, Thiscombination of devicesforms asim-
ple and praetieable paper-carriage, the larger
and primary frame C, C’, and C? movable to
and fromin one direction—say east and west—
carrying the smaller and séecondary frame B,
E’, and E? with i, and the latter frame mov- .
able in the transverse direction to and from

"‘north and south, while the former is station-

ary, thus furnishing a movement in one di-
rection for a line of words and - in the oppo-
site direction for a series of lines.
Ontheedgeof thecoverof the caseatthe right
of the paper-carriage attach the barF, laid on
stops orshoulders, so that the underside of the
bar will be one-haif inch or more above the ta-
ble or cover of thecase. Inthisbarset aseries
of pins e, running down into the table, 80 48 -
to be fast and firm at regular and equal dis-
tancesapart, thedistancedesired forthe space

‘(includiddg the line) froin- one line of writing

to another, as-shown in Fig.1l. From the
right-hand edge of the bar E’ of the paper--
carriage projecta lip out.under the bar C’or -
from the elasp attached to E and around C’,
and oun this lip pivoet a pawl h, with a sharp
incline on the side toward the front.of the

-case runuing to a point, so arranged with a

stop that it eannot be turned on the pivot in-
the direction of the back of the case, but
readily turned in the opposite direction .and .

| held in position by a yielding-spring I, all

as shown in Tigs. 1 and 3. By moving the
carriage fo the right side of the case the point

-of the pawl k will just passa pin e onthe side -

from the front of the case.. The ineline of
the pawl on the side mext the pin being -
equal to the distance from one pin to another,
and the pawl not being turnable on its pivet
in the direction from the front to the back of
the case, the frame E, £/, and E?, with the
paper, when on it, necessarily will be moved
the proper distance from one line of writing
to ancther. L .
Attach to the right-hand corner of the car-
ringe-frame a cord ¢’ and run it lengthwise .
of the bar under the bar C in a groove inthe

“bar or table for that purpose, or it may be

close.to and ingide of the bar, over a pulley
¢’, fitted in and below the top surface of the
table, as shown in Fig. 1, and fasten {o the
other end of it a weight under the cage, but
ungeen in the drawings. To.the otherend of
the bar C’ fasten a cord v, and run it down
over a large pulley R on the back side of the
case A% and to the other end of the cord hang .
the weight W, as shown in Fig. 8. These
cords v and ¢, attached one to each corner
of the carriage on one side, running over the
pulleys R and ¢’ and fastened to the weight
W and the ‘weight W’ (unseen in the draw-
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ings) are the force and means of moving the
carriage and paper while writing.

Under the table or cover of the case, be-
hind the beam or fulerum M, between the
fulernm and the disk & suitable distance, on
. angd across all the keys, lay a bar T, with the
. ends bent at a right angle and extended and
pivoted to the frame below and in front of
the fulerum, as shown at &, Fig. 7, so that

when the front ends of the keys are pressed.

down the rear ends will strike against and
raise the bar an extent in proportion to the
distance from the fulerum. Connect a lever
I to the middle-of the bar T, midway of the
key-board, extending direetly over and par-
allel with and between the middle keys, and
pivoted in the middle on a suitable support,
as shown in Fig. 7. Bifurcate the front end
of this lever and make the right-side faces of
the forks perpendicular and the left-side
faces inclined, the upper one to the left up-
ward and the underone to the loftdownwara,
with the under edge of the upper fork and
the upper edge of the under fork sharp like
saw-teeth, as shown in Figs. 1 and 2, partien-
larly in Fig. 2. Fasten to the bar C of the
. carriage-frame two holders or arms d, extend-
ing down through the cleat S, or fasten them
directly to the cleat, and pivot in their lower
‘ends the ends of the ratchet-barl, as shown
in Figs. 1 and 2.

Kigs. 1 and 2. Make these notches, teeth, or
cogs regular and equidistant apart, the exact
distance required for a letter in writing or
printing on the paper. Make the left side of
the faces of the teeth or cogs perpendicular,
both aboveand below, and the right-side faces
inclined exactly alike, but the reverse of the
* teethorcogsoftheinneredgesoftheforksofthe
lever H. so that of the lever H, with its forks
embracing the ratehet-bar I, in meving up

and down first one and then the other forks.

will strike and fi¢ into the notches of the bar
I, as shown in TFigs. 1 and 2. Make the forks
of the lever H so far asunder as just to allow

the ratchet I in its widest way to pass be- |

tween, At the right side, considered from
the front of the ander fork of the lever H, at-
tacha thin yielding spring /, asshown in Figs.
1 and 2. Make the upper and sharp edge of
the under fork stand a hair-breadth or slight
distance to the right of the under and sharp
edge of the upper fork, and then, as the
weights W and W7, attached to the cords v
and @', over the pulleys Rand ¢, as shown in
Iigs. 1 and 8, (excepting that the weigh* VW' is
‘unseeninthedrawings,)are constantly putling
at the carringe to draw it from the right to
the left of the table or case. When the up-

" per fork is thrown up out of an upper noteh.

in the ratchet, the carriage will move to the

left till the left-side perpendicular face of

the tooth or cog next to the right and be-

low meets and strikes against the right-side

perpendicular face of the under fork, and the

carringo is thereby stopped. Fix the thin
) H s .

Serrate the bar I on both.
sides with notches like saw-teeth, as shown in |

yielding spring 8o that when the upper fork
is pressed down into an upper motch of the |
ratchet I the spring.will fly back against and
up into the next topth and notch to the right
below. The 6ffies of thisyielding spring is to
assist the under fork to cateh evory under

tooth and not let one slip by. As the ratchet

is'moved along by the cairiage till the face
of the tooth to the right below strikes and
stops against the spring and under fork, the . .
left perpendicular face of the tooth directly -
above is moved to and dirsetly inline up and
down into @ hair-breadth with the perpendic-
ular face of the fork above, so that when the -
front end or forks of the lever are moved or’,
pressed down and the under fork lets go its
hold of an under tooth the upper fork falls
into the notch and against the tooth directly
above and preventsthe ratchet from moving;
but when the forks are thrown up and the
upper fork lets go its hold of the tooth above
the ratchet moves to the left the space of one
noteh till the next rooth to the right below, .
with the yielding spring in the notch at its

‘perpendicularface, strikesagainst theperpen-

dicular face-of the under fork. In this way
the ratchet and carriage are held firmly still,.
while the front ot bifurcated end of the lever
H is thrown and held down, but moves to the -
left: one notch, a regular, exact, and equal -
distanee every time the bifurcated end of the
lever is thrown up, and as striking down the
front end of each key, as at L in Fig. 1, raises
the bar T laid across the key at the rear of the
fulerum M, and raises the rear end of the le- .
ver H,attached to the bar T, it therefore ne-
cessarily throws down the hifureated orfront .
end of the lever, and a3 the key rises to its
place of restagain all these movements are
reversed and neecssarily throw up agdin the
front end of the lever. Thus the work-
ing of the keys L, in eombination with the
weights W and ‘W, (the latter uuseen,) the
cords » and «’ the pulleys R and &', the bar
T, tlie lever H, the ratchet I, and the carriage
inevitably moves the paper a regular, uni- -
form, and exact distance—any distance de-
sired for a type or letter every time a key is
struck—and the paper is moved while the
type-baris falling to the cushion, and stopped
and held firmly stationary while the type is
struck against it and the platen.

On the end of the ratchet I, to the right,
attach the lever z, to turn it down flatwise

" when desired, as shown in Figs. 1and 2. To

the bar C of the carriage attach a yielding
spring & to hold the lever and rzstchet.iu per-
pendicular position, while the carriage is
moving from right to left, as shown in Figs.
1 and 2. Turn thelever z forward and down,
and thevewith the ratchet, to a horizontal po-
sition, and the ratchet and carriage ean be
moved from left to right,the ratchet through
and. between the embracing-forks of the lever
H readily and without obstruction. Thiscan
be done by tle hand- or by any obviocus de-
vice by a foot-treadle, thus complefing the
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' 11_'13#118 for the right and left movemeﬁt of the
curriage and paper. o .
On the front end of thearm D, just behind

the anvil, put a cross-beam I), as shown in

Figs. 1,8, and 9. In the end of the cross-
‘besm, at the right, put a gudgeon & and

through the end at the left run a shaft I, and '

through a box atthe left side of the back end
of the arm D, as shown in Figs. 1 and 8,

‘make two ribbon-spools m, of any adequate’

size, with holes in their centers, to slip on and
revolve on the gudgeon s, as shown in Figs.
1,8, and 9. Atthecircumference of the holes
in the spools m in the inner edge of each
spool, throngh from side to side, cut a slot to
“fit on a key or cog or spur on the front end
of the shaft ? forward of the cross-beam D’,
so that whichever spool is- put on the shaft
will be fast thereto and cannot revolve there-
on. On'the hind end of the shaft / fasten a
pulley %, as shown in Figs. 1 and 8. Make
the pulleys R and k, as shown in Fig. 8, cone
pulleys—that is, make each Rand & a series
of pulleys,decreasing in size in regular coni-
ealorder. Pivotthe pulley Rona bar P, and
* pivot the bar P to the back side of the case
A? so that the pulley may rise and fall freely,
as shown in Fig.:8. Attach a ratchet-wheel
V,with a pawl{, pivoted to the bar P, asshown
in Fig. 8, to follow and fall into the notches

-of the ratchet-wheel to prevent the wheelturn-

ing toward the bar ', as seen in Fig. §, or
from left to right, considered from the front.
Connect the pulleys R and & with a cord or
band +', as shown in Fig. 8. The pulley R,
pivoted to the loose-pivoted bar P, with the
weight W pulling down on_the puiley, will
always keep the band 2 tight, so that it will
‘not slip“in working. Upon the spool 72 on
the gudgeon s’ wind the inking-ribbon, aud
run one end.under the platen G and attach
it to the spool a2 on the shaft [, as shown in
‘Fig.1. Then,asstriking each key L perinits
the weighy W, by means of the cord ¢ over
the pulley R, to pull or move.the carriage the
space of one notch of the ratchet-bar 1,1t will
necessarily roil the pulley R a corresponding
distance,and,as the pulleys R and % are cou-
neeted by the band v°, and the puliey k and
the left spool mz, considered from the front,
both being fast to the shaft [, rolling the pul-
ley R necessarily will roll the spools m and
draw the ribbon from the loose spool on the
gudgeon s’ under-the platen G and onfo the
- spool attached to the shaft I, and thus give a

for every type tostrike against,and by means
of the scries of conical pulleys at R and k

the fead of the inking-ribbon can be regu- i

lated as may be desired. ‘ ‘
Thus made, the type-writer is the simplest,

‘May, A. D. 1868,
fresh place of the inking-ribbon every time |

‘most perfectly é.da.pted to its work—the writ-

ing of ordinary communications with types
instead of a pen—and in every way the best
of all machines yet designed for the purpose,
particularly as to tho cost'of making the ma-

-chine aud the neatness and labor - saving

quality of its work. ‘ -

‘Fig. 6 of the drawings represents a crescent
or the segment comprising half a disk. By
making the circumference large enough ‘to -
receive the requisile number of radial grooves
the crescent may be substituted for the disk,
or,'in other words, the segment comprising.
one-half for the whole disk. ,

. What we claim as new and useful in our
invention, and desire to secure by patent, is—

1. The key-levers L, vibrating on the ful-
erum M, with the inner ends or fingers w .
reaching.under thetype-bars, so that the keys
will act direetly on the types, substantiaily-
as and for the purpose described. :

9. The spacer or ratchet I, conibined with
the Dbifurcated lever H, connected with the
bar T, pivoted at s and resting on and acrosg
the arms of the keys L behind the fulerum
M, so that striking the faces of the keys will
work the teeth of the forks of the lever up
and down and into the notches of the spaces:
and give a certain uniform and regular space
movement to the paper-carriage in line of:
the types, when made substantially as de-
seribed. | . '
" 3. The pins e, fastened to the table A’ cont-
bined with the pawl 2 and the spring Uto
give the paper-carriage a certain and regular
cross-line movement at a right angle to the
space movement from line to line, when made
substantially as deseribed. s

4. The clasps or springs b, attached to the
bars C and ¢’ on a line {hrough the middle

| of the platen G, eombined with the springs

a, attached to the bar E to hold the paper to
the earriage and press it down smooth and
tight in passing under the platen, when made
substantially as deseribed. 3 ' ,
5. The spools nz, combined with the. gudg-
eon &', the shaft /, the pulleys k and R, the
band ¢', the cord z, the weight W, the ratchet-
wheel V, the pawl {, and the bar P, pivoted to
the back of thacase A?to feed a fresh part of
the inking-ribbon under the platen to each
type- successively, when made substantially

_as described.

This specification signed this 1st day of

C. LATIIAM SHOLES.
CARLOS GLIDDEN.
SAMUEL W. SOULE.
Witnesses: r
G. E. WEIss,
F. J. CROSBY.
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UNITED STATES

1,848,389

PATENT OFFICE

' IGOR SIKORSKY, OF NICHOLS, CONNECTICUT, ASSIGNOR TO STKORSEY AVIATION COR-
POBA_'.EION, OF WILMINGION, DELAWARE, A CORFORATION OF DELAWABE.

ATROBAPT, ESPECIALLY ATRCRAFT OF THE DIRECT LIFT AMPHIBIAN TYPE AND
MEANS OF CONSTRUCTING AND OPERATING THE SAME ‘

1o

“ . It concerns a new

© * Applicstion flled February 18, 1989, Serlal No. 339,784. Rencwed May 28, 1031,

The preséﬁt, invention- relates brds,dlg tg :
t o

,aircraft and more particularly to aircra

the direct<lift type. - . P
iew method of constructing
and operating direct lift aircrait in a man-
ner to insure increased safety, maneuverabil-
itgr,- comfort and reliability during taking
off, flying and alighting operations. . = -
It 'Eﬂ']ﬁler ‘contemplates aircraft provided
with direct lift driving means which are-
driven by air or other gases issuing from
reaction Jets in said driving means.

" Ttalso has to do with the position, form and

15

. and details of fixed, movable -and adjust-

arrangement of the various. parts of direct
lift aircraft structures, as well as the form,
arrangement, relative position, interrelation

.-able fixtures contained in or forming a part
" of direct lift aerial vehicles, the relation of .

29

said fixtures to.each other as well as their

relation to other structural elements in‘said

aérial vehicles. - - .
The invention further pertains especially

- to various combinations of any or all of said

25

" the multimotor, land-water-air type, capable -

above improvements, their application to,
or their use on, in, or in connection with in-

dividual heavier-than-air aircraft units of

_of navigating with equal facility on land,

water or in the air. : ® 3
Where the term “aircraft” is used in the
present application it includes any form of .

" "merial vehicle capable of navigating through

s

the air. - The invention has application to
aircraft of the heavier-than-air, lighter-than-
air or combination type. SO
- The term, “heavier-than-air aircraft unit
6f the multimotor, land-water-air type” des-
ignates a form of aircraft sometimes known
as 8 “multimotor amphibian” -~ . 4
In one of its aspects the invention has to
do specifically wit

. with a direct-Jift propeller and a plurality of

horizentally acting progellers, all of the pro-
pellers being reaction-driven, that is, being
rotetable under the reactive forcé of a fluid
medium under pressure discharged through
orifices in their blades toward the following

edif:- S o
.'As another feature of the invention an

‘their negative or depression sides.

an amplibian provided ..

aerofoil of relgztivel short span is inter-
-phosed between ‘the direct lift propeller and
the horizontally acting propellers. Further,

the body of the a,mphi%lan supports lateralllfr N

extending outriggers to which are hinged ail-
erons and at whose lower sides floats are
secured. ST

The inherent structural characteristics of
multimotor amphibians are such as to give
rise to large parasitic drag. :Consequently,

‘the present invention has particular refer-

‘ence to this type of machine, since by the sub-
stitution of small transfer boxes for fluid
under pressure in place of the usual engine
.nacelles, the resistance is greatly reduced
with proportionate benefit to the flying char-

‘acteristics of the machine.

- As has been indicated above, in the ‘pre-
ferred embodiment of my invention, a single

“diract lift &)mpeller of large blade area is em-

ployed and a plurality of horizontally acting
E_ropellers are arranged .in symmetricall
orizontally spaced relation to the direct li

70

propeller. Thus by sppropriate throttling

of the horizontally acting propellers, ‘the

torque of the direct lift propeller may be

effectively compensated.

_The blades of the propellers are provided
with orifices adjacent their trailing edges
and with orifices adjacent their leading edges
discharging toward the trailing.edges across

he fluid
under. pressure discharged through the first
mentioned orifices imparts rotation to the

.propellers in which. effect the pressure me--
" dium discharged through the other set of

18

orifices participates, although this latter is

of greater importance as
ing function. .

The medinm used may:'be air or air mixed !
_with other gases such as the exhaust gases of -

ternal combustion: engines used to drive
the air pump. However, I do not limit my-:

self with respect to the nature of the flid:
-medium whi
-eonvenient and practicable. :
" According to one phase. of the invention,"

N

the air which is to be supplied to the reac-
tion

may be any such as _ma“yfbe

ropellers is first of all mechanically
placed under pressure by means of a positive 1%

performing a lift-
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action air pump or blower, and during its
subsequent passage to the propellers, is ex-
panded by application of heat thereto with

consequent increase in work capacity. The

heating of the air may be accomplished in
a number of different ways which will be

‘hereinafter deseribed.

In addition to the mechanical advantages
obtained by thus expanding the air, the dis-
charged air serves the purpose of preventing,
to a large extent, the formation of ice on the

“ajrcraft members. .
An embodiment of the invention will be

described in deteil with reference to the ac-
companying drawings in which:
Fig. 1 is a plan view of an amphibian con-

structed in accordanee with the present in-.

vention. L

_ Fig. 2 is a front elevation of the amphib-

ian. : o

. Fig. 8 is a side elevation of the amphib-

ian. :
Fig. 4 is an isometric

perspective of the
amphibian, :

Vig. b is an enlarged view in front eleva-.

tion of the central portion of the amphibian.
. Fig. 6 is a section on the line 6—86 of Fig. 3.
Fig. 7 is an elevation of a propeller back,
partly in section, =~ = . "
Fig. 8 is a section on,line 8—8 of Fig. 7.
Fig. 9 is an enlarged elevation of a por-

* tion of the propeller shown in Fig. 7.

40

Fig. 10 is 4 section on line 10—10 of Fig. 7.

. " Fig. 11 is a side elevation of the propeller

boss.

- Fig. 12 is a longitudinal section through a
. transfer box for the fluid pressure medium.

Figl13isa
of Fig, 12, .
Fig. 14 is a_partial section along line
14--14 of Fig. 12. -
- Fig. 15 is a diagram showing one form of

partial section along line 13—18

. arrangement of the units comprising the pro-

45
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~ the body-boat-of an amphibian, while 12 des:.

o0

18, and

pulsion system, . .
Fig. 16 is a section on line 16—16 of Fig. 2.

Fig. 17 is a diagram showing another ar--

pulsion’ system. . .
Fig. 18 is a plan view of a.portion of the
amphibian witE parts in section.
Fig. 19 1is

rangement of the units comprising the pro-

Fig. 20 is a diagram sh‘owin:g.,rta modified
arrangement of units comprising the propul-
sion system, .’ i ‘

. framework boss 10n and blades

“supply o

1,848,380

and interconnected therewith as by struts 104,
10% ete. : i ;
A shaft 125, normally lying in a vertical
line passing through the center of gravity of
the machine, supports a direct lift propeller
10m here shown as comprising an open

Streamline housings 10g. supported from
suspension members 10r secured to the lower
surface of plane 11 adjacent its ends, encase
transfer boxes for "the fluid pressure me-

dium, which boxes in turn support shafts on .

which propellers 10s are mounted. QOutrig-
gers 10¢ spring rearwardly from plane I1
and support empennage assembly 10v at
their outer ends. The outriggers 10¢ have a
direct connection with the rear end of body-

“boat 10 through struts 10w,

Landing wheels 15, Figs, 2 to 6, may be
moved from the operative position shown to
an inoperativeé position in which they lie in
horizontal. planes immediately " below out-
riggers 12. L _ ; e
 Referring particularly to Figs. 5 and 6, it
will be seen that the wheel axles 17 are sup-
ported on brackets 16 pivotally connected to
the body 10-at points 17/ for movement about

normally substantially horizontal axes. The"

outer ends of wheels 17 are pivotally connect-
ed to rods 18 guided in tubular members 19
which are in turn pivoted. at their upper ends

" to the frame structure. .Rods18 are provided

interiorly of tubular members 19 with piston
heads which are adapted to be suitably in-
fluenced to move the wheels from operative
to inoperative position. '

+ According to the illustrated arrangement,
hydraulic pressure is employed for this mo-
tive function, the particular fluid medium
.,preferablgf_

tank to a pressure generating device 22 which
is controlled by means of a lever 23. The
‘lines to and from pressure generator 22 are
indicated at 25 and lead to a distributor 24
disposed within convenient reach of the pilot
in the pilots’ compartment 80. Distributor

24 is connected to tubular members 19 by

a section on line 19—19 of Fig. .

Referring first to Figs, 1to 4, 10 deSignatés_

ignates streamlineoutriggers, springing later-
y from:the body-boat and joined together

* at their outer ends by means-of members 10¢
- gnd 10d. The rear outriggers have hinged,

 thereto ailerons 10e and 107, while floats 107

and 104 are secured beneath the oufer ends
of the outriggers. An aerofoil 11 of relative-
ly short span is disposed above the body-boat

means of pipe: .9a and 195, the former de-
bouching into the tibular membeérs above the
upper limit of travel of the piston heads asso-
clated with rods 18, and the latter debouching
into said members-below the lower. limit of

travel of the piston heads. ‘Distributor 24.

being oil, glycerine or the like, A’
the pressure medium is contained-
in a tank 20 and a conduit 21 leads from the

70

10p.

k(]

80

‘85

10¢ -

105

110

115

is suitably provided with. valves so that fluid -

may be supplied at will to one or both of con-

raized or lowered: .

-i'The fluid medium, in addition to acting as
‘an operating agent, has the function of serv-
_ing as cushioning means when the machine is

landed on its wheels. = -~ -« ;

- It will be noted that the pilots’ compart-

- duits 192 or to one or both of conduits 195 so . ‘
-that the wheels 15 may be correspondingly .

125
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" mient 30 is provided with two chairs 88 placed.

10

15

- these being joined by an arcuate recess 75 sur-

24

. 1,848,380

side by side. Since the arrangement of this
compartment and the control devices therein

have been particularly described and claimed

in my above named applications, it will suffice
here to state that the reference nwmerals 61
indicate the engine control levers, 33 indicates
levers cooperating with segments 35 to adjust
the seatsto varions heights and retain them in
adjusted position; 62 indicates the stabilizer
controls and 60 indicates the aileron control
member which has a pivoted extension 63 so
supported that it may be swung to bring
wheel 60 in front of either chair 38.

In Fig. 7 a propeller 10s is shown compris-
ing blades 70 and 71 and boss 72. The lead-
ing edge of each blade is provided with a-lon-
gitudinal passage 73 and T4 respectively,

rounding the propeller hub 76. Kach blade
has also a longitudinally extending passage
77 and 78 respectively adjacent the following

~edge, these passages being connected by an

25

arcuate recess 79 similar to 75. For a dis-
tanee adjacent the blade tips, discharge ori-
fices 80 and 81 are formed, which communi-
cate with passages 78 and T4 respectively. - As

. particularly shown in Fig. 8, the propeller

_the-propeller hub is.

“bore 84’ of sha

back is stepped downwardly toward. its fol-

lowing edge, there being two steps determin--
ing respectively the position of orifices 81 and-

80. Referring to Fig. 10, hub 76 is provided
with an aperture 82 communicating with re-
cess 79. -Aperture 82 likewise registers with

£ an aperture 83 formed in the wall of a hollow

shaft 84 (see also Fig. 12) to the end of which
yed. A-tube 85, Figs.
10 and 12, is supported concentrically of the

fI; 84 and is closed at its front
end, Fig. 10, by means of a cap 86 having an

" aperture 87 in register with aperture 83. The

rear end of tube 85, Fig. 12 is provided with a
circumferential flange for the purpose of
maintalning the tube in concentrie relation to
bore 84’, the rear end of tube 85 seating

" against washer 88. . The propeller hub is se-

cured .to the end of shaft 84 by means of a

S eap screw 89 -cooperating with threads

. 58

formed in the end of bore 84’. Cap screw 89

is ‘provided with a {hreaded -axial borein

which engages cap screw 90 which abuts with

_ its inner end cap 86 to hold the latter and tube

85 in proper position. A nut 91 serves to lock
. cap screw 90 10 adjusted position. :

The end of shaft 84, remote from the pr
peller, is provided with an expanded head
92 extending within transfer box 93, Fig. 12,

Transfer box 93 comprises a hollow cylin-

drieal member 94 supporting at its end ad-
jacent the propeller a ring 95 which latter
and shaft 84 are appropriately shouldered to
receive the members 96 and 97 of a ball bear-
iig assembly constituting a journal bear-
ing for the propeller shaft, members 96 and

97 being res tivellv held in - 'ﬁon by
meansl%% ring%egS'an 99, e ¢

. . The adjacent vertical faces of ring 95 and

head 92 support members 100 and 101 of a
ball bearing assembly which constitutes the

_thrust bearing. Ring 95 js rigidly secured

-

to casing 94 by means of screws such as

shown at 95, ~ . :

The rear face of head 92.1s provided with
an annular recess 105 concentric with bore
84’. This recess comniunicates by means of
an angnlar passage 104 with bore 84” forward

7

-of the flanged head of tube 83. A fitting 105

has a face adapted to contact with the rear

face of head 92, this member being provided

with a circumferential flange circumseribing
the rear margin of head 92 and coopemtinc{;
-with ring 106 to form .a packing gland.
Member 105 is provided with a bore 105’ into
which a eentral tubular extension 102 of head

92 projects and 2 packing gland 106%is pro-u.

vided to effect a tight fit between the exten-
sion and bore 105°. Member 105 is pro-
vided with a rearward tubular extension 108
concentric with bore 105’ and also with an
eccentric rearward extension 109 provided
with a bore which communicates with an an-
nular recess 110 registering with recess 103.
Extensions 108 and 109 pass through closely
fitting apertures in a -wall 111 secured. with-
.in casing 94 by means of screws such as shown

at 111°, the casing tapering off rearward of

wall 111. Rotation of fitting 105 about ex-

tension 108 is prevented by the eccentric ex-'

tension 109, although axial movement of the
fitting relative to wall 111 is permitted. A
spring 112 yieldingly urges fitting 105
against head 92. pe

100

In practice, the interior of the casing will .

be filled with oil, the contacting faces of
members 92 and 105 receiving lubricants
through ducts 114 and 115, The escape

-105

of 3

the oil from the forward end of the casingis

grevented by a gasket 116. The fluid me-

ium under pressure is supplied to the hol-

i10

low stem 108 through a preferably flexible

tube 117 which leads from air air pump pref-
erably disposed in the body-boat. The air
thus supplied passes through head 92, tube
85, apertures 87, 83, 82, recess 79.and
77 and 78 to discharge orifices 80.

118 flows into. the registering .annular, re-
cesses 110 and 103, passage 104, bore 84’, an
aperture 119 in shaft 84, an aperture 120

in hub 76, recess 75 and passages 78 and 74 to -
has been men;_ :

discharge orifices 80,
The transfer boxes 93, as
tioned above, are disposed in streamline hous-
ings 10¢ and rigidly. secured in position
through struts 10r. Pipes 117 and 118 (see

also Figs. 16 and 18) are preferably led to

-‘R:}isages
con- -
- ducted to tubular extension.109 throuigh pipe -

115

120

125

the transfer boxes through the streamline

conduits 121, 122 and 123, Fig. 3, which like-

wise house tubes 19¢ and 195, All conduits,

130
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connections and other passages arranged to
lead air to horizontal left sige propeller 10s
are also duplicated preferably in a sym-
metrical' fashion for the same purpose of
supplying air to right side propeller 10s.
he: direct lift propeller 10 will now be
described with particular reference to Figs,
1 to 4, 16, 18 and 19.- -
Referring particularl
be seen that the propeller boss 10n consists
of crossed loop-shaped members mounted at
their crossed portions on a hollow vertical
shaft 125, The lower members of the loops
bear against a shoulder 125/, while a nut
126 secures them in position on the shaft,
Blades 10p are secured in ferrules 127 inte-
gral with the loops and extending radially
relatively to shaft 125. The propeller blades

-are secured.in position by means of nuts 128

screwed to their stems 129. It will be seen
that each blade is supported at an apex of a
substantially trianguﬁxr frame, the oppo-
site triangular frames forming an .integral
frame of symmetrical substantially rhom-

boidal shape, these closed frames having

major and minor axes, the propeller blades

being in alignment with the major axis, while

- the frame is supported for rotation about its

30

kb

minor ~axis. . The. described arrangement
gives a particularly rigid construction in that
the, boss has a large axial extent and sup-
ports the blades at a considerable-distance
from its rotational axis, ~ ° : '

As shown in Fig. 16, the frame members

of the boss are hollow and communicate with

longitudinally extending” passages 130 and

© 131 formed in the blades. Passage 180 com-

40

- transfer box 134 which is supported in aero-

45

50

municates with orifices 182 in the leading edge
of the blades, while passages 131 communi-
cate with orifices 133 in. the trailing edges
in the same manmner as has been described
in connection with propeller 10s. p F AR

The lower end of shaft 125 is digposed in a

foil 11, the latter having a central vertically
expanded portion for the accontmodation of

the box. Shaft 125 has an expanded head 135

interiorly of the transfer box and forms e
thrust member: cooperating with the latter
through balls 136. A ball bearing journal
support is indicated at 137. The lower face
of head 185 is provided with an extension 138
which mates with a recess formed in the face

- of a fitting 139, the extension and recess being

L

. are provided with registering annular recesses.

, 63

concentric with bore 125 of shaft 195. The

contacting faces of head 135 and member 139

concentric with extension 138 and forming
together a tubular duct 140. At diametrically
opposite points member 139 is provided with
arms 141 and 142 which extend through slots

formed in the side walls of box 134, these slots:

extending in the axial direction of shaft 125.
The engagement of extensions 141 and 142

with the walls of the slots prevents rétation.

to Fig.:16, it will

ment of shaft 125 in

1,848,380

axial movement is permitted. The lower end

of the box is-closed by means of a cap 143

and between the latter and member 35 are in-

terposed compression springs 144 which yield-

ingly urge member 139 against head 135,
Extension 141 has formed therein a pa

141" which ‘through extension 138, a tube 145

of member 139 relative to box 134;.a1thdugh :

70

and passages in a block 148 in register with -

the passages formed in the upper frame mem--
-bers, communicates with blade passagés 130,

Extension 142 has a passage 142 communicat-

ing with chamber 140.and thence through a
'passage 1407 with bore 125’. :Bore 125’ com-

municates by means of apertures 147 with the
passages of the lower frame members of boss

10n.and thence with the blade passages 131.

Extensions 141. and. 142 are connected by

75

means of flexible tubing 150 and 151 with the -

blower, tubes 150 anid 151 being passed down-

wardly to the blower through the streamline

conduit 121. '

86

Box 134, Fig. 18, is provided on diametri-

cally opposite sides: with trunnions 152 and

153 supported.in members 154 and 155 which
are mounted between the front and rear spars

156 dnd 157 of aerofoil 11, Oppositely acting’

torsion springs 152" and 153” tend to maintain
shaft 125 in a constanf position relative to
members 154 and -155, this. position being

“vertical when the machine is in operation,

“Extending downwardly from cap 143, Fig.
16, is a rod 160 whith at 1ts lower end is con-

20

25

nected by means ofia link 161 to a lever 162 .

pivotally mounted at 163 to a frame 164 dis-
posed in the pilots’ compartment. “Lever 162

.15 provided with a handle 163 within eas

reach of the pilot and may be locked in ad-
justed position by means of a thréaded stud
and nut 165 which cooperate with a slotted.

segment 166. . Movement of handle 163 causes

106

108

a corresponding movement of box 134 about -

‘itstrunnions and conseguentlyda.tilfiél_ggtqve- .
ore anda aiy direction. - .

It will be noted that the covering of aerofoil

“11 is provided with top and bottom slots to

permit free movement of shaft 125 and rod
160, . W o . ‘

- According fo'the\descri‘bed' arrahgemenmf' :
118

shaft 125 may be adjustéd from a vertical

110

position in “which propeller ‘107 exerts a

purely vertical force; to -a forwardly tilted
position in which a forwardly acting result-
ant isvobtained. . The. tilting movement of

box 134 is limited by means of an arm 175

fixed thereto and 'coo%g ating with adjustable -

abutments 176 and 1’ o T :
.. In Fig. 17, I have shown a layout of ane

form of an entire propulsion system. Inthis -
figure numerals 200 and 201 denote internal -

120

combustion engines operating” a positive
action pump or blower 202 through the inter- -

mediary of clutches 200" and 201”." A line
208 connects the outlet of the blower with a
‘chember 204 adapted to be heated by means

130
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_ofa burﬁ,dr 205 Chamber 204 communicates

- be ‘passed directly through line 212, valve
- 213 being open, o line 207. The exhaust of

10

‘which branches 208 and 209 le¢ad respect:

-means of & line 208 with a line 207 -frglm
iv

to lines 117 and 118, whick feed the hbn}:
zontally acting Ero .
150 and 151 feed the direct lift propeller 107,
. By closing valves 210 and 211, the air may

both engines is led into a line 214 which

_passes through a heat exchanger 215 through
“which likewise passes a liné 216, which

" through an air expansion chamber or reser-

16

voir 217 is-in communication with line 207.
By opening valve 211 and closing valves 210
and 213, air from the blower may be passed
through the heat.exchanger, the reservoir and
line 207 to the propellers. , ,

Thus, it will be seen that blower 202 may be
operated by one or the other of motors 200 or
201 or by both of them and that the air there-
from may ‘be led directly to line 207 and
thence to the propellers, or may be warmed
by passage through chamber 204, or may be

warmed by passage through chamber 215 and .

then led to the propelers. . _
- Thelayout according to Fig. 20is lgenera_l_(lly
accord-

- similar to that of Fig. 17, althoug

‘ing to'this

figure, the air may be passed addi-
tionally through a chamber 218 in direct con-
tact with burners 219, both the latter and

. burners 205 being supplied with fuel from a

R

tank 220. - Further, secording to this show-

“. ing, the exhaust may be by-passed through a
? blower 221 into line'207. It-is obvious that

* various combinations are tﬁossihle throughthe

. the valves, however, the blowers may be con-. .

80

proper manipulation of the illustrated valves
and it is not believed that further description
is necessary. . ¥ '

According mFlg 15, two blowers 30 and

931 are provided, each being driven by an’_

independent internal combustion ‘engine 232
and 233. Blowers 230 and 231 may dis-
charge directly into lines 234 snd 235 and

" thence to lines 117,118, 150 and 151 to supply

the propellers. By suitable manipulation of

nécted directly through heated chambers 236
and 237, to lines 117 and 118. . By a further
manipulation of the valves, the air from the

_ blowers ‘may be diverted into lines 238 and

' According t¢ this arran

. 239 to reservoir 242 and thence through heat

exchangers 240 and. 241 to lines 234 and 235.
gement,' one blower

alone may supply line 117 and the other line

118, ‘or .one blower alone may supply both

~lines: -

" 1. In an -aireraft, a -difect 1ift reaction

" While T have described my invention with
some particularity, it is to be understood that

- 80 T do not intend to¢ restrict myself except as
- determined in the following claims. '

“Telaim:

- driven “propeller, a rotatable vertical shaft

‘on which the propeller is mounted, an aero-

ellers 108, Branches .

foil beneath said ngpeller and a transfer
box for & fluid medium under pressure and
including bearing means for said shaft dis-
posed in said aerofoil. :

2. In an‘aireraft, a :
driven prepeller, a rotatable ‘vertical ‘shaff

Hirect lifb ‘reaction

5 &

‘on which the propeller is mounted, an aero- ~

foil benesth said propeler, a transfer box
for fluid medium under pressure and includ-
ing bearing means for said shaft disposed in
said aerofoil, and iounting means for said
box to enable it to tilt to move the shaft rela-
tive to said.aerofoil out of its normal vertical
. position. , . _ =
8, In an aircraft, 4 direct lift: reaction
driven propeller, a rotateble vertical shaft on
which the. propeller is mounted, .an aero-

" foil beneath said propeller, & transfer box

“for fluid medium under pressure and includ-
ing bearing means for said shaft disposed in’

said aerofoil, and mounting means for said

box to énable it to tilt to-move the shaft rela-

tive to said aerofoil out of its normal vertical

position in a fore and aft direction.

driven

on which the propeller is- mounted, an_aero-

foil beneath said propeller, a transfer box’

~ for fluid medium under pressure and includ-
ing bearing means for said shaft disposed in

sa1d aerofoil, trunnions supporting. said box

for tilting relative to said aerofoil in-a fore
"and aft
.seid box.. ;
‘5. In an aircraft,

_ ‘a Teaction driven direct
-1ift pro

4. In an, aircraft, s direct lift reaction
iropeller, .o rotatable vertical shaft
0

er comprising an open framework

%

direction, and means opérable to tilt

100

.boss and hollow blades secured thereto, seid =

framework- comprising hollow members

-adapted. to conduct a fluid medium under

. pressure to said hollow blades.

6. In an aircraft, a direct

ing said frames at their crossed portions, and
shaft and secured to said frame.

7. In an sircraft, a body, an outrigger ex-
tending laterally from, each side of fhe body,
.an aileron hinged to each outrigger, an aero-
foil of relatively short span above the body

“ blades extending. radially. relative to said’

rect 1ift propeller -
comprising s boss in the form of & plurality =
of crossed loop-like frames, a shaft support- °

108

110

118

. and-secured thereto and to the outriggers, a
‘rearwardly extending. outrigger springing

‘from said aerofoil and supporting an empen-

nage assembly, 8 direct Lift propélier above -

the aerofcil, and & horizontally-acting pro-
- peller intermediate the aerofoil and body. -

- 8. 'In an aircraft; a body, an outrigger ex-

. tending laterally from each side of the body,:
to each gutrigger, an aero- .

~an aileron hinged h
foil of relatively short span above the body

.. and -secnred thereto and to the cutriggers, 2
- rearwardly- extending outrigger springing.

from said aerofoil and supporting an empen-
nage asserbly, a direct lift propeller above
the aerofeil, and a plurality of longitudinally

12y

128
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» spaesd hoﬁzuhtally—.acting propellers inter- .

imediate the zerofoll and body and symmetri-

eally disposed relative:to the direct lift pro-

IO

peller. o ;

9. In an amphibian, s body, an outrigger
.extending laterally’ from each gide of the
body; an aileron hinged to.each outrigger, &
fleat secured to each outrigger, an aerofoil of
relatively short span above the body and se-

-cured thereto and to the -outriggers, a rear-

wardly extending outrigger springing from
said aerofoil and supporting an empennags

" assembly, a direct lrftq{.opeller above the
a

aerofoil, and a horizontally-acting propeller
intermedinte the aerofoil and - -
*10. In-an amphibian, a 'body, an outrigger

‘extending - laterally from sach side of the

bedy, an aileron hinged to.-each outrigger, a
float secured to each outrigger, an aerofoil of

-relatively short span sbove the body -and se-

.cured thereto and to the outriggers, a rear-
wardly extending .outrigger springing from
said aerofoil and supporting an-empennage
assembly, a direct lift propeller above :the
asrofoil, and 'a plurahity of horizontally.

spaced horizontally-acting propellers inter- -

mediste the aeroforl and body and symmetri-

cally disposed relative to the direot 1ift pro- |

peller. . ;

1,848,080

peller, a blower, a plurality of internal com-
bustion engines adapted to drive said hlower
either singly or in :conjunction, a -common
conduit for .the exhaust -of said engimes, an
airline.connecting said blower-and fmpeller,
a second blower driven by ons of spid en-
gines and having en inlet conmectible with
said conduit, the outlet of said second blower
being:connectible with :said line whereby the
exhwst;ga.ﬂes may be:injedted into the latter.
Stgned at College-Point, L Island, in
the eounty of Queens and. State of New York
this 21t day of December, A. D. 1928.
, IGGR- SIKORSKY.

11. Tn an sircraft; a direct 1ift propéller .

comprising & blade provided with reaction

Jets adjacentits following edge and jets adja-
cent itg leading-edge dischargmpe over the top

‘of the blade toward its following edge, said.
‘blade having separate passages therein lead-
ing to the respective jets, 2 substantially tri-
sngular frame element supporting said blade
-at- an -apex, the legs -of 951d frama adjscent
said ‘apex being hollow. and ‘communicating
respectively with said passages. . _
12. In an -aircraft, a-reaetion-driven pro-
-peller, n blower, a plurality of internel.com-

" bustion engines adapted to drive said blower

etthersingly orin conjunetion, a-common con-

.duit for the exhaust of said engimes, and-an
girline connecting said hlower and propeller
and passing in heat-exchanging relation with

" gaid -conduit.

18. Tn an ajreraft; a reaction-driven pro-
peller; a motor-driven air blower, an exter- .
naily heated chamber and an internally heat-
ed chamber, and means te cormect 'szii'd'%lower
and propeller through either of s4id cham-
bers- or through both of seid chambers in

. -either order,

~ 14. Inan aireraft,a reaction drivén propel-
ler, a blower, an interhal combustion engine

. driving said blower, an externally hested

60

chamber and an internallv heated chamber,
and means to cornect said blower and propel-
ler through either of said’ chambers or

- through both of said chambers in either order
" and in heat-exchanging relation with the en-

65

gine exhanst, : s
- 15. In an aireraft, & Teacbion-driven pro-

70

80
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’ . 3,702,688 ; ;

SPACE SHUTTLE VEHICLE AND SYSTEM )
Maxime A. Faget, Dickinson, Tex., assignor to the United
States of America as represented by the Administrator
of the Nationzl Aeronautics and Space Admindstration
- Filed JYan. 4, 1971, Ser. No, 103,551
Int, CL Bode 37/02 .
U.S. Cl 244—155 : 17 Claims

ABSTRACT OF THE DISCLOSURE

A space shuttle system comprising two reusable stages,

. joined “piggyback” fashion for lift-off, each stage being a
manual attitude controlled vehicle hayving fixed, aero-
dynamic support and control surfaces for horizontal at-

10

mospheric flight and conventional, -near stall, aircraft -

landings. The fuselage bottom surface of each stage ‘is
transversely relatively flat and longitudinally cambered
fo. provide dynamic lift at hypersonic atmosphere re-
entry velocities and hiph angles of attack. Newtonian

fluid flow states over bottom surfaces and the dispersion -

of flow stagnation regions over large areas hold vehicle
surface temperatures during re-entry to tolerable levels.
Other aerodynamic criteria are balanced so that each
-stage wiil have stable flight characteristics at both high
and low attack angle attitudes during both the re-entry
and the subsonic atmospheric flight phases. :

ORIGIN OF THE INVENTION

The invention described herein was made by an em-
ployee of the United States Government and may be
manufactored and used by or for the Government of the
United States of America for governmental purposes
without the payment of any royalties thereon or therefor.

BACKGROUND OF THE INVENTION
(1) Field of the invention

The present invention relates to aerospace vehicles
suitable for catrying substantial payloads beyond the
eartl’s atmosphere and for return therefrom. :

Also disclosed is a technique of combining at least two
Teusable aero-space vehicles of the type described for the
launch of large payloads to earth orbital altitudes. and
beyond. ; .

Moreover, the present invention contemplates a logis-
tical support method for constructing and sustaining arti-
ficial satellites in orbit.

(2) Description of the prior art-

30

40

&0

Historically, rocket propelled vehicles have been, for -

the most past, unmanned ballistic devices. Flight path con-
. trol has been largely limited to the ascent trajectory; the
sensory function of control being performed by pre-

59

programmed, antomatic, inertial gnidance systems. So
long as the exclusive purpose of a rocket shot was to
occasionally deliver an inanimate and expendable arlicle

. to’'the outer reaches of the atmosphere or the depths of

space, such one-way tramsit was satisfactory and prac- ‘

ticable,

80

With the advent of human activity in space, however,

it became necessary to devise reliable return devices and
techniques. Such techniques include that of 17.S. Pat. No.
3,093,346 to M. A. Faget et al., which discloses a space
capsule for human occupancy of the type used in the
manned ventures beyond the earth's atmosphere to date.,
Although vehicles of the Faget et al. type have proven
most satisfactory for early space missions of limited
scope, such craft have relatively little lateral maneuver-

70

ability after re-entry into the atmosphere and are in~

2

capable of controlled, horizontal landing.. Accordingh},

precise landing points are impossible to predetermine and
parachutes are necessary for the final few hundred feet
of descent.

The next generation of space activity will be focused on
the construction and support of large manned satellites
or interplanetary vehicles. Since the present and foresee-
able future states of the space vehicle propulsion art are
testricted by practical payload Iimits and costs, multiple
freight and passenger sorties are therefore necessary. Ac-
cordingly, the past practice of a large inventory of single
mission, expendable vehicles in varions sizes, is a Iuxury
that can no longer be tolerated. Specifically, it is neces-
sary to reduce both payload costs and increase operational
flexibility. ; ‘

To achieve this end, it is necessary to develop vehicles
having operational efficiencies equally high in both space
and atmospheric phases. Such vehicles must be capable
of carrying large payloads to orbital altitudes; mon-de-
structively surviving re-entry stresses; sufficient aerody-
nemic flight characteristics (including stability and con- .
trol} to land at a predetermined point without external
assistance; and minimum service, fueling, and prepara-
tion down-time antecedent to re-deployment.

Among the concepts suggested by the prior patent art

.and other [iterature are the disclosures of: Phillips, U.S.

Pat. No. 3,104,079, a fixed delta wing vehicle having
stowable auxiliary lifting surfaces and elevons; Kehlet
et al,, U.S. Pat. No. 3,000,580, a lenticular vehicle hav-
ing stowable aerodynamic control surfaces; and Egegers
et al, ‘US. Pat. No. 3,276,722, a “lifting body” vehicle.
Common limitations of these vehicles, however, are de-
velopment and operational costs and the fact that they
are not suitable for first stage booster service.

Another prior art concept is that of U.S. Pat. No.
3,369,771 to Walley et al,, which is directed to a par-
ticular recoverable booster design and system of multiple
stage deployment. The Walley et al. invention inclades °
a delta winged booster vehicle having a lifting body fuse-

Tage that may be used in one of several launch modes as

cither a boosier or orbiter craft. Although the mission
objective of Walley et al. is similar to that of the present
disclosure, the distinctions . between respective vehicles
aré. of a substantial and primary nature for reasons to
subsequently be made more apparent. :

SUMMARY OF THE INVENTION

The present invention describes primary vehicle design
and operational parameters of a reugable shuttle system
for transport of passengers and cargo from the earth’s
surface to orbit and return, Such spacecraft parameters
specify a conventionally appearing aircraft having fixed
wing panels and empennage secured in fixed position to
a voluminous fuselage. Total area of the vehicle bottom
profile is substantially equally divided between the fuse-
lage and the wing-empennage group. Particularly dis«
tinctive from the prior art is the fuselage bottom geom-
etry. For reasons of stability and surface heat distribu-
tion, the fuselage bottom is relatively transversely flat,
forming relatively small radius chines at the juncture with
the side panels. Moreover, the interior angle formed be-
tween the mean planes of said bottom and side panels is
less than 90°, : . '

A unique acrodynamic characteristic of the fixed ge- .
ometry vehicle disclosed herein is that the stabilizing -
forces about the three stability axes remain relatively con-
stant throughout the re-entry regime from high hyper-
sonic, high angle of attack to low subsonic, low angle of
attack without anomalous moments and interactions in -
the middle Mach numbers and transonic flight regions,
Suck moment anomalies and nstability interactions are
common to all winged and lifting body vehicles previously
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3
proposed as re-entry comfigurations. This charactgristic
is exploited by the subject vehicle to provide simple,
straightforward control—one control means for re-entry
and one for subsonic flight.

Contributing criteria to the aforedescribed character-
istic are that the subject vehicle have both high and low
angle of attack trim stability in both hypersonic and sub-
sonic flight phases and sufficient pitch confrol to drive
the vehicle from one stable attitude to the other. More
particularly, as determined about the vehicle axes, the
present invention provides for positive static roll, pitch,
and yaw stability thronghout the operational velocity re-
gime. As resolved about the re-entry trajectory axis, how-
ever, i.e., an axis paratlel with the relative wind, the sub-
ject vehicle has neutral static yaw stability,

Longitudinally, the fuselage bottom is ski-shaped. At
the high attack argle trim point, where the wings and em-
pennage are fully stalled, lift per unit area of fuselage is
substantially equal to that of the wing-empennage group.

When used as a space transport system, two vehicles
having the foregoing characteristics are joined together as
first and second stages. More appropriately, the larger, first
stage vehicle will hereafter be 1dentified as the booster and
the smaller, second stage vehicle as the orbiter, either of
which may be characterized as a “shuttle vehicle.” Relative
assembly of the two vehicles for launching is to secure the
orbiter bottom to the booster top, well forward of the
booster pitch axis. Such disposition provides straightfor-
ward staging with good provisions for launch-load traps-
mission between stages,

Initial ascent of the compound vehicle from an earth
base is from the vertical launch position. Ascent power is
provided by rocket engines positioned in the booster fuse-
lage extreme aft end. For a launch weight of approxi-
mately 2.5 million Ibs, and 25,000 lbs. orbit payload
weight, staging should occur at approximately 10.000
f.p.s. While the orbiter vehicle continues under inde-
pendent rocket power, the booster re-enters the atmos-
phere, decelerates to subsonic velocity, and makes a transi-
tional maneuver into subsonic flight. It then either glides
or cruises under turbojet power, back io land at the launch
site.

- The orbiter ascent trajectory delivers the loaded vehicle
to the altitude and velocity vector definitive of the desired
orbit where the primary engines are extinguished. While in
orbit, the orbiter payload is removed. If a previously
orbiting payload is to be returned to earth, said returning
payload is positioned within the orbiter bay or appropri-
ately attached to the orbiter top side. Refro engines are
momentarily started to decelerate the vehicle to an ac-
ceptable re-entry velocity. Re-entry, transition and retum
flight of the orbiter is similar to that of the booster.

In this manner, many payload types such as satellites
or sub-components of large structures such as permanent
space stations or inferplanetary vehicles may be placed in
orbit by repeated sorties of the same shuttle vehicles. Of
paramount significance is the fact that no structural por-
tion of the delivery system is expended or abandoned.
Moreover, substantial savings over prior systems may be
gained in the developmental phase of the present inven-
tion by virtue of the fact that subsonic flight tests may
be fnitiated from conventional airport takeoffs, Expend-
able prototypes for high altitude, vertical launch tests are
eliminated. It is entirely possible that an original proto-
type may evolve inlo an operational “line” item.

BRIEF DESCRIPTION OF THE DRAWINGS

Relative to the drawings wherein like reference charac-
ters designate like or corresponding parts throughout the
several views;

FIG. 1 is a schematic representation of the invention
vehicles and method of deployment; ;

FIG. 2 is a plan view of the booster and orbiter ve-
hicles combined in ascent configuration;
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FIG. 3 is a side elevation view of the booster and or-
biter vehicles combined in ascent configuration;

FIG. 4 is an aft end elevation of the booster vehicle;

FIG. 5 is a schematic cross-sectional side elevation of
the orbiter vehicle;

F1G. 6 is a schematic cross-sectional end elevation of
the orbiter vehicle taken from plane VI—VI of FIG. 5;

FIG. 7 is a schematic cross-sectional end elevation of
the orbiter vebicle taken from plane VII—VII of FIG., 5;

FIG. 8 is a schematic cross-sectional side clevation of
the booster vehicle;

FIG. 9 is a cross-sectional end elevation of 2 typical
shuttle vehicle wing; :

FIG. 10 is a graph representing the locus of altitude-
time coordinates during a typical atmospheric re-entry of
a shuttle vehicle;

FIG. 11 is a graph representing the locus of decelera-
tion force-time coordinates during a typical atmospheric
re-entry of a shuttle vehicle;

FIG. 12 is a graph representing the locus of lift/drag-
attack angle coordinates of a typical shuttle vehicle:

FIG. 13 is a schematic representation of a shuttle ve-
hicle in the initial atmospheric entry phase depicting pitch
attitude and finid flow pattern;

PIG. 14 is a graph representing the locus of pitching
moment coefficient-attack angle coordinates respective to
three positions of the vertical stabilizer;

FIG. 15 is a graph representing the locus of shuitle
vehicle surface heating rate-time coordinates during a
typical atmospheric re-entry of two shuttle vehicle designs
having different L/D characteristics; and

FIG. 16 is a schematic bottom plan of a shuttle ve-
hicle depicting the re-entry heat distribution.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Due to mission objectives of the mext gemeration of
manned space activity, the present invention comprehends
the logistical transport and support system shown in RIG.
1 wherein a second stage or orbiter vehicle 2 is secured
piggyback fashion to a first stage or booster vehicle 1 for
Jaunch from a vertical position,

Numerical criteria of the system described herein are
predicated on the following booster and orbiter specifica~
tions. ¥t should be understood, however, that the follow-
ing specifications are neither limiting or exclusive but
merely representative of a possible combination and are
stated only as an example.

Orbiter Booster
Welght X 1000 1b.
Launch welght__ ... ...... 360. 0g X . 182,
Welﬁht at insertion/burmnout. &} 180,40
Puyload. Saan 2
Caormbined liftoff wolght.. o oooeoo oo _ 1,492.0
Maln engino thrust. . oo ocoioo o ooomomean. 8.0 1,040.0
Crew
11| SRS
2,000 «oeamiaie ..

The ascent trajectory 3 of the composite vehicle carries
the orbiter 2 to a sclected staging velocity. Since the
booster engines provide all thrust from lift-off to staging,
both vehicles being functionally independent, all fuel con-
sumption up to the staging point is from the booster 1
tankage.

'‘When staping occurs, the orbiter 2 is thrust free and
clear of the booster T whereupon the orbiter main engines
are started. Thereafter, the orbiter 2 is propelled along
the orbit injection trajectory 4.

After separation from the orbiter 2, the main engines
of the booster 1 are extinguished thereby allowing the
carth gravitational field to pull the booster 1 back into the
atmosphere along the re-entry path 5. Re-entry attitude
of approximately 60° angle to the relative wind is sus-
tained throughout entry at the end of which the angle of
attack is reduced to about 20°, the normal subsonic flight
attitnde, : :
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After the booster is returned to normal subsonic flight
attitude, air breathing auxiliary engines are started to sus-
tain altitude with aerodymamic lift for the base return
flight 6. :

Final recovery at base 7 is a conventional, near stall,
wheel Janding.

Since the booster 1 is designed, as hereafter explained,

to suffer no structural degradation due to the preceding
sub-orbital flight and re-gniry, only minimum maintenance
is mecessary for deployment in addition to vertical eree-
tion, loading, fueling, and replenishment. of crew life-sup-
port consumables.

The orbiter 2, being the payload carrying. vehicle of
the system, delivers same to the desired station for re-
moval from a payload bay. Thereafter, retro engines, not
shown, are briefly started to reduce the orbiter velocity
below a critical orbit velocity so that re-enfry and return
1o base 7 in the same manner as booster 1 may be effected.

19

Relative to the booster and orbiter vehicle characteris- -

tics and construction details, reference is first made to
FIGS. 1-3. Booster 1 comprises a fuselage 11, fixed posi-
tioned wings 12, horizontal stabilizer 13, vertical. sta-
bilizer 14, primary propulsion rocket engines 15, and aux-
iliary propulsion turbojet engines 16.- i

The orbiter 2, in many respects, is a smaller version
of the booster vehicle having fuselage 21, fixed wings 22,
horizontal stabilizer 23, vertical stabilizer 24, primary pro-
pulsion engines 25, and auxiliary engines 26. In addition,
orbiter 2 is provided with a top opening, large volume,
payload receiving bay 27. !

Both booster and orbiter vehicles may be manually con-
trolled and provided with crew compartments 17 and 28
respectively. .

Some ‘internal details of booster 1 are illustrated by
dashed lines in F1G, 8 where the main engine propellant
tanks 40 and 41 are shown to occupy most of the internal
fuselage- volume. Appreciable weight savings may be
pained by integrating the tank and primary vehicle struc-
ture where possible. For a liquid oxygen-hydrogen pro-
pellant system, the greater density componcmt, oxygen,
would be stored in the forward tank 40 with the lighter
propellant, hydrogen, in the aft tank 41. This arrange-
ment allows aerodynamic stability of the vehicle during
the boost flight phase, When all tanks are full, the result-

ant vehicle center of gravity will be positioned ahead of -

the center of pressure located in the proximity of plane
44, :

It should .be recalled that ‘“center of pressure” is a
theoretical aerodynamic concept wherein all aerodynamic
forces acting upon a vehicle may be resolved about a point
as a resultant kift and drag vector and without resultant
aeredynamic moment.

In the booster fuselage section 45 forward of the oxy-
gen tanks 40 is disposed the crew compartment 17, navi-
gational equipment, auxiliary propulsion engines 16, jet
fuel, .and fuel for attitude control engires. The attitude
conirol engines (not shown) are small, low thrust reaction
engines located in the tips of opposite wing panels and
the fore and aft ends of the fuselage 11 for controlling
the vehicle flight attitude during re-entry when mechan-
ical surface controls are ineffective, =~

The orbiter vehicle 2, having a more complex interior,
is shown with greater detail by FIGS. 5-7. As in the
booster, oxygen tanks 30.are located ahead of the center
of pressure with the hydrogen tanks 31 occupying the
lower aft volume of the fuselage. Propellants from tanks
30 and 31 fuel the main engines 25 during the orbit in-
sertion trajectory 4 (FIG. 1). For on-orbit and interorbit
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propulsion, additional fuel is stored in tanks 32 and 33 .

which are high efficiency cryogenic storage vessels suitable
for maintaining.oxygen and hydrogen in the low tempera-
‘ture liquid state for long time periods. C

In the nose of the orbiter fuselage. 21, ample space is
provided for guidance and contro! equipment 34 and elec-
tric power supply equipment 35, The space 36 immediately
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.aft of the crew compartment 28 is convenieat for track-

ing, telemetry, and communication equipment. Passenger
space may be provided at 37 thereby limiting the environ-
mentally controlled volume to the composite of spaces
28, 36, and 37. Environmental contro! equipment- 38
may be conveniently positioned beneath the crew compart-
ment 28.

Between the passenger space 37 and payload bay 27,
auxiliary tankage 39 for aftitude confrol engine propel-
lants and the environmental control system may be se-
cured with additional auxiliary 1ankage positioned in the
region 50. B

Current designs of the present system contempiate posi-
tioning air-breathing, auxiliary propulsion, turbing engines
26 in the fuselage nose section as illustrated, but an attrac-
tive alternative is to place the engines 26 on the upper or
“shaded” face of wings 22 in protective nacclles. Other
embodiments of the present invention omit the air-breath-
ing engines entirely and rely upon the gliding cross-range
of the vehicle throughout the subsomic retvrn flight 6.
This glider version of the invention accepts certain risks
of loss, however, due to the fact that landings must be
executed successfully in the first approach, no go-around
capacity being available. Glider and sailplane experience
have proven such risks to be entirely reasonable and ac-
ceptable, though. i By

Since the capacity for horizontal Iandings on conven-
tional airport runways is a primary objective of the pres-
ent shuttle system, retractable landing gear and wells
therefor are provided in the fuselage structure at 51 and
52. .

The following structural and aerodynamic design pa-
rameters are relevant to both vehicles of the invention.
To reduce. descriptive redundancy therefore, further refer-
ences will be limited to the orbiter 2.

Aecrodynamically, the factors of positive and ‘neutral
static stability is the initial tendency of a body to retorn
to an equilibrivm attitode following a disturbance. Rep-
resentative of positive static stability is a spherical mass
disposed within a bowi of spherical rading greater than
that of the mass. Equilibrium position for the mass in 3
gravity environment is at rest in the bottom of the bowl. °
An external force disturbance to displace the mass from
said equilibrinm position is resisted by gravitational forces.
- Nentral static stability may be defined as the tendency
of 2 body to remain in equitibrium in a new position fol-
fowing a disturbance from an initial equilibrium posi-
tion. This quality is represented by a spherical mass placed
on a level surface in a gravity environment. The sphere
will remain in any position on the surface to which it is
displaced, - ' : ¥ '

About the vehicle pitch axis, in the low or 20° angle
of aitack attitude, positive static stability is convention-
ally achieved by a discretely arranged relation between
the vehicle center of gravity and the center of pressure
as dictated by longitudinal positionment of the wing. Dec-
alage between the wing and horizantal stabilizer pro-
vides an inherently correct stabilizing moment tending to
restore the vehicle to the low angle of attack equilibrium

attitude,

At the high (60°) re-enfry atiack angle attitnde, the
present vehiclc represents a substantial departure from the

‘prior art to achieve positive static pitch stability, In the

first plqce, most of the bottom profile surface area—fuse-
lage, wing and empennage—is arranged to *feel” substan-
tially uniform pressure from the relative wind of re-entry.

‘Accordingly, the vehicle fuselage 2 (FIG. 5) is con-
‘structed almost transversely flat along the boitom 54.

Since, as stated previously, the total bottom wetted area
of the wing-empennage group is substantially equal to that.
of the fuselage, it therefore follows that lift per unit bot-
tom wetted area is substantially equally distributed there-
over, .

As a note of departure, concerning operational angles
of attack, it should be understood. that 60° is merely a
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convenient optimum for the high angle attitude. A more
accurate, but elusively variable, definition of high-attack
angle for present purposes would be that pitch attitude at
which the wings 22 are aerodynamically stalled. For the
particular wing 22 described herein, stalling may occur at
pitch attitudes exceeding 40° angle of attack.

Conversely, a low angle of attack is defined as a pitch
attitude of less than 40° angle of attack or an operational
condition whereat flnid flow over the wings 22 generates
aerodynamic Hfi.

In view of such distinct fluid flow patterns respective to
the two positions of pitch equilibrium, it is also important
to point out the nature: of lift relevant to said pitch atti-
tudes. For this purpose, it is convenient to relate the func-
tional distinctions between impulse and reaction turbine
motors. The first absorbs the impact of the energizing fluid
whereas the latter is driven by the reaction from an
expanding, hence, accelerating fluid mass. Relating the
above to this description, lift forces on the vehicle due to
fluid impact at the high angle of pitch attitude will be
characterized as dynamic lift whereas lift due to fluid
acceleration will be characterized as aerodynamic lift.

Returning to the explanation of positive static pitch
stability, it may now be seen that more static stability in
the high angle attitude is a function of uniform pressure
movement distribution about the pitch axis (shown as a
circle 61 in FIG, 13 and extending perpendicular to roll
axis 62 and yaw axis 63). This kind of stability is inherent
with a flat plate of symmetric profile. Without additicnal
contro] devices, however, such stability is statically nega-~
tive. Imposition of any disturbing force will elicii an
accelerating departure from the equilibrium position, For
this reason, the present vehicle design provides a longitu-
dinal curve to the bottom of the fusclage, at least at
either extremity thereaf. Other portions of the bottom of
the fuselage may be substantially longitndinally flat, ot
may also have a gentle curvature. In the preferred embodi-
ment, the curvature is greatest at the bow section, then
substantially flat until the extreme aft section which exhib-
its a curve lesser than that of the bow. This design feature
can best be seen in FIGS. 3, 3, and 13. The effect of this
curve is to alter the locatl angle of attack to the relative
wind along said curved portion at a rate differential to that
of the remaining vehicle bottom area. Accordingly, the
coefficient of presure, a function of local angle of attack, is
altered to provide restoring forces effective to return the
vehicle to the equilibrinm position. In other words, if the
vehicle pitch attitude departs in the nose up direction, ihe
coefficient of pressure on the flat bottom surfaces aft of the
pitch axis increases at a greater rate than the cumulative
result of those ulong the more greatly curved bow. Hence,
a relative force increase is imposed on the aft side of the
pitch axis 61 to cause a counteracting moment thereby
driving the vehicle pitch attitude back fo the ‘equilibrium
position.

Pitch departures in the nose down direction produce the
opposite result to increase relative moment forces on the:
bow side of the pitch axis 61.

In summary, therefore, the curved bow of the present
invention prov1des pitch angle restoring forces for positive
pitch stability in the high angle operational mode with
fixed structure and with no expendlture of control power.

The ratc of curvature effects the rate of restoration, a
function. of dynamic stability, and should be analyzed in
the context of other pitch motion damping forces.

Positive static roll stability relative to the vehicle axis
62 is more conventionally achieved by a dihedral rela-
tionship between the wmg panels 22 and the fusefage 21.
The 7° dihedral shown ir FIG. 4 with respect to booster §
is deemed adequate for both, re-eniry and subsonic flight
conditions. A dihedral angle to the horizontal stabilizer 23
wilt further confribute to positive static stability. _

Conventional design practice is also exploited for posi-
tive static yaw stability about axis 63 in the low angle flight
mode. Accordingly, the present design provides for an
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extreme aft mounted vertical stabilizer 24 and sweep to
the wing leading edge.

The significance of positive static yaw stablllty, as
resolved about the vehicle axis 63 in the high angle Hight
mode is nominal due to the near alignment of said vehicle
vaw axis with the relative wind of re-entry. An anguiar
displacement about the vehicle yaw axis 63 necessarily
induces a roll disturbance in reference to the relative wind
64. There is, therefore, no need for a restoring force fo
return the vehicle attitude to an equilibrium position rela-
tive to a fixed yaw axis 63 reference. Since the vehicle has
positive static stability about the vehicle roll axis, such
vehicle axis related yaw merely induces a correctlve roil
to reposition said vehicle yaw axis.

" As determined about an axis of reference 64 parallel
with the relative wind, however, the present vehicle may
be considered neutral in static yaw stability. This is to say
that the vehicle will stabilize in any angular position of a
plane including both the relative wind axis 64 and the
vehicle roll axis 62 as said plane revolves about said rela-
tive wind axis 64. This may be better understood by envis-
ioning the vehicle roll axis 62 as a straight line surface
element of a regular cone revolved about the relative wind
axis 64. By such analogy, the vehicle will remain in equili-
brium at any position on the cone where all three axkes;
roll 62, yaw 63 and relative wind 64; lic in the same
plane.

An interesting consequence of the foregoing is that rela-
tive to an earth gravitational reference, the vehicle may
stabilize in an upside down re-entry attitude as well as
right side up.

Width of the fuselage nose bottom 54 also contributes
to neutral static yaw stability by attenuating or preventing
destabilizing moments caused by fluctuating fiuid ﬂow
fields and resultant side forces on the nose,

Selective attitude control of the present vehicle in the
high angle flight mode is accomplished conventionally by
small reaction engines (not shown) disposed in the wing
tips and fuselage ends, Due to the inherent stability of the
present vehicle, however, power and fue! reserve for such
attitude control engines is subsiam]ally reduced from that
required for comparable prior art designs.

Adjustable area structural panels such as flaps and
elevons arz not only ipeffective in the early re-entry
phases but use thereof in the high-heating re-entry phase
would raise substantial thermodynamic difficulties.

As a special note of high angle attitude control, due o
the strong interrelationship of roll stability and the rela-
tive wind axis 64 vehicle flight path may be selectively
altered by sustaining an induced roll moment long enotigh
to re-establish stable fluid flow against the new dlrectlonal
face of the bottom surface area,

In the low angle fiight mode, allerons 58 (FIG. 2),
elevator 29, rudder 59 (FIG. 3) are the devices of selec-
tive attltude control. As to the elevatar 29 in pa.mcular,
sufficient area and deflection must be provided to drive
the vehicle pllch attitude from the re-entry positive static
equilibrium position ‘of approximately 60° to a positive
static equilibrium pitch attitude of approximately 20°
for subsonic flight. Representative design parameters are
illustrated by FIG, 14 where the two positions of static
pitch stability are shown by curve A which corresponds
a zero pitching moment coefficient w::h a zero elevator
deflection anple at attack angles of 30° and 70° re-
spectively, Reasonably symmetric responses are derived
from the elevator 29 at deflection angles of 40° down
(curve B) and 40° up (curve C) respectively, for smooth
handiing characteristics and firm response rates through-
out the subsonic flight region.

Other design relationships between fuselage, wing and
empennage of the present vehicle are consistent with con-
ventional aircraft design practice and -are selected for
proven superior flying qualities at subsonic velocmes and
in approach and landing maneuvers.
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For example, the airfoil section of wing 22 may be -

selected almost exclusively on the basis of optimization

for subsonic cruise and landing. An NACA 0012-64 air- .

foil provided with low speed lift angmenting devices such

as flaps 56 and slots 57 is shown in FIG. 9. Tl!e 40°

angle of incidence for the wing shown in FIG. 8 is also

conventional practice. . '
The straight wing shown in FIG. 2, i3 clearly the light-

est planform for these requisite. purposes but a delta .

planform offers other advantages. .

Two functions of the broad, flat fuselage bottom 54
have been recited, i.e., positive pitch and neuniral vaw
static stabilities. At least two more flat boitom functions
are 1o be added. i.e., re-entry rate control and heat man-
agement. _ _

A body having the general physical characteristics of a
space vehicle, entering earth bound atmosphere at a
velocity of approximately 26,000 f.p.s., encounters suffi-
cient atmospheric density at approximately 400,000 ft.

‘altitade to start hypersonic heating. Vehicles having a
Lift/Drag ratio (L/D) of 1.5 entering the atmosphere at
said velocity and at a 15° angle of attack, generate a
heating rate profile as is illustrated by dotied line curve
"A of FIG, 15. At this rate, temperatures on the surface
of a folded wing, lifting body vebicle may reach as high
as 3900° F. Such temperaturss are beyond the present

10

art state for load-carrying structural members and can

‘be tolerated only by the use of ablative heat shields which
not only impose weight penalties against the total lift-off
payload but require replacement after each use. More-
over, vehicles with high L/D ratios, e.g., 1.5, must sus-
tain kigh heating rates for much longer time periods
.thereby compounding weight penalties due to the insula-
tion required io maintain the primary interior structure
temperatures within the useful range of material strength
as the re-entering vehicle literally soaks in the blast fur-
nace environment, —
‘The large, uniformly loaded bottom surface area of
the present invention enables the desigper to capitalize
on the advantages of a much lower Z/D ratio, e.g., 0.5,
and thereby avoid the above problems of a higher X/D
ratio.. By selecting vehicle design parameters so as to
vield as L/D-attack angle relutionship as represented
. by FIG. 12; a 60° re-entry angle of attack will produce
the desired results. Not only is the re-entry heating profile
substantially reduced.in intemsity and duration as shown
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by curve B of FIG. 15, but the re-eniry deceleration pro- -

file is held well within the tolerable Himits of most healthy
persons as shown by FIG. 11. The slope of the FIG. 10
curve represents the altitude rate of descent.

It should be pointed out, however, that the thermal
advantages of a low L/D ratio are not purchased without
consideration, In this case, the price paid is that of oper-
ating range. The vehicle to which FIG. 15, curve A, re-
Iates, having an L/D=1.5 for a re-entry angle of attack
of 15° will have an operational cross-range of 2000 N.M.
The present invention, having an L/D~=0.5 and a re-
entry angle of attack of 60°, follows the much shorter
ze-entry duration as depicted by curve B which allows an
operational cross-range of only 200 N.M. However, such
a sacrifice is not considered controlling in most circum-
-stances since even 200 N.M. is adequate to reach a suit-
-able airport for- landing,

In detérmining the L/D ratio for the re-entry flight
phase, it should be recalled that at the 60° pitch attitude,
the wing 22 is substantially if not conmpletely stalled.
‘Therefore, total vehicular lift in this atfitude is attributa-
ble exclusively to the dynamic pressure against the bot-
-tom wetted surfaces of the fusclage, wing and empennage,
Not until the vehicle descends to approximately 40,000
ft. and 300 f.p.s. velocity. is the elevator 29 deflected down
30° (FIG. 14, curve C) to rotate the vehicle info a low
angle of attack flight for generation. of aerodynamic lift
by fluid flow over the wing,

60

65

0

10

The 60° re-entry angle of attack has another desirable
product in addition to consistency with an advantagequs
L/D ratio. That pitch attitude in correlation with the flat
bottom profile is alse responsible. for widely distributed
flow stagnation regions over the vehicle bottom wetted
area. Large arcas of flow stagnation in relation to the
total wetted area is a manifestation of Newtonian (lami-

-par) free stream flow stafes across said bottom wetted

surface. L :

The mechanics of restricting fluid flow across the bot-
tom arca to the laminar flow states include the generation
of one or more shock stable waves of maximum mag-
nitude preceding the vehicle throughout the hypersonic
flight phase. Since the propagation of shock waves cone
sumes large quantities of energy, it is possible by the afore-
described configuration to dissipate a Iarge percentage
of the altitude and velocity energy potential of the pres-
ent vehicle by such device. Those skilled in the art will
appreciate the practical advantage of converting this
energy to heat along the wave front at a discrete distance
ahead of the vehicle structure per se.: 4

Consistent with the laws of gas dynamics and conserva-
tion of emergy, diffusion of atmospheric gas past the shock
wave front converts a determinable percentage of the
gas total emergy from the dypamic stafe to the static
state. In this respect, the shock wave phenomena func-
tions as a compressor to convert the compressible medium
from high relative velocity, low temperature and low
static pressure to a condition of low relative velocity,
high femperature and high static pressure. Unlike a coms-
pressor, however, total energy of the medium before and
after passing the shock wave front is substantially un~
changed.. Tt is the post wave front high temperatore con-
sequence of these physical Taws that cause re-entry vehicle
designers greatest concern. ’

The present re-entry vehicle- attack profile is designed
to propagate one or more shock waves, the last of which
sustains a relatively stable position at a diserete distance
removed from the vehicle surface, Moreover, subsequent
to diffusion past said last wave front, the flow velocity
of the atmospheric gas should be reduced o pear sonic
or less. In this velocity region, gas flow states may be
limited to the Newtonian (Jaminar) condition thereby
minimizing heat trausfer from the hot, post shock wave
atmospheric gas as it flows over the vehicle bottom sur-
face. There being Jittle mixing of flow streams across the
vehicle surface, the wehicle structure need only absorb
that heat of the boundary layer wetting the vehicle surface
which in tumn, constitutes an effective insulating layer to
inhibit heat fransfer from flow streams more remote from
the wetted surface. The substantially flat transverse profile
of the fuselage ‘bottom minimizes the distance traversed
by such insulating flow streams from the inner or centered
stagnation region laterally to the sharp chines 53 which

-cavse the flow o thercafter separate from the vehicle

surface. Accordingly, less opportunity is given the flow
stream to accelerate to turbulent or mixing flow velocities
thereby supporting the critical pecessity of maintaining a
laminar condition until -the gas is completely separated
from all vehicle surfaces. Of conrse, all heat energy re-
leased by the shock wave and not transferred back to the
vehicle structure js left behind the vehicle to diffuse into
the geperal atmosphere. .

Resulis of the. foregoing physics, as applied to the pres-
ent vehicle, are illustrated by FIG. 16. Leading edges of
aerodynamic surfaces having small radii of curvature are

‘outside the stagnation regions where most of the heat

transfer to the vehicle structure occurs. Therefore, no
unreasonable heat concentration problems are presented.
Under these circumstances, the maximum expected tem-
perature is about 2400° F. along the wing root leading
edge. Structural materials are presently available to ac-
commodate this. temperature without appreciable degra-
dation of strength. ' :
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The 5° angle of relief (FIG, 7) at the sharp planar
intersection of fuselage sides 55 with bottom 54 “shades™
the vehicle side and top skin structure by causing fluid
flow from the stagnation region to “peel” off sharply and
cleanly, as explained previously. At the same time, the
relatively small radius of the “bard chines” $3 minimizes
the effect of side forces on the vehicle nose due to minor
deviations in vehicle alignment with the flight path fo
" cause destabilizing moments about the yaw axis 63.

Considering both, booster 1 and orbiter 2, as a single
vehicular unit as illustrated by FIGS. 2 and 3, it is im-
portant that the unit be aerodynamically stable through-
out the boost trajectory 3 (FIG. 1). Accordingly, the
vnit center of gravity 8 must be positioned ahead of the
unit center of pressure, a theoretical function of {ift, drag,
and angle of attack. By attaching the orbiter 2 to the
booster 1 topside well forward of the booster center of
mass with a 1° centerline convergence angle, the result~
ant wnit c.g. will fall along a 3.2° infersection line with
the booster center ling at the engine 15 thrust center. An
engine gimbal envelope of only a few degrees is necessary
to maintain thrust vector alignment with the unit c.g. 8.

This “piggyback” arrangement provides a number of
other features not available in a tandem or side-by-side
shuttle configuration. The interconnecting structure neces-
sary for securing the two vehicles together may be com-
pact and contained within the aerodynamic shape of
respective vehicles. Separation requirements to preclude
booster 1 damage prior to firing the orbiter 2 engines 25,
are less stringent. Large dimension payload pods may be
attached to the orbiter with minimnom geometrical infer-
ference with the booster, a capacity also having re-entry
advantages by protecting a recovery load from severe
re-eniry heating,

It should be unadesstood that the drawings and specifi-
cation set forth hereinabove present a detailed disclosure
only of a preferred embodiment of the invention and that
therefore the invention is not to be limited by the specific
form disclosed.

What is claimed is:

1. Anm aircraft having fuselage and wing means:

said fuselage having a longitudinally cambered, contin-

uous bottom along the full fength thereof, said bottom
being substantially flat in the transverse direction
whereby substantial impact lifting forces are gener-
ated against said bottom at flight angles of afiack at
and exceeding full stall;

said wing means providing aerodynamic lifting forces

at flight angles of attack of less than full stall and
impact lifting forces at flight angles of attack at and
exceeding full stall;

the impact lifting farce per unit area of said bottom at

said flight angles of attack at and exceeding full stall
substantially equaling the impact lifting force per unit
area of said wing.

2. An aijrcraft as described in claim 1 wherein sides of
said fuselage join said bottom at small angles of relief.

3, ‘An orbital payload delivery system comprising:

first and second wvehicles, each having aerodynamic

wings, attitude control surfaces, and fuselage; the
bottom of said fuselage being longitudinally cam-
bered and substantially transversely flat, the area of
said fuselage bottom being substantially egnal to the
bottom area of said wings and control surfaces, col-
lectively;

said second vehicle having a payload receiving bay and

removable cover therefor on the top side of said fuse-
lage;

said first and second vehicles adapted for releasable

inferconnecsion, the bottom of said second vehicle
being secured to the top of said first vehicle for ver-
tical ascent from a static base; and

the gravity center of an intercomnected vnit comprising

said first and second vchicles disposed ahead of the
center of pressure of said unit.
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4. The orbital payload delivery system of claim 3
wherein said unit gravity center lies along the thrust center
of first vehicle primary propulsion engines.

5. The orbital payload delivery system of claim 3
wherein said second vehicle fuselage is adapted for refeas-
able interconnection with a payload to the external topside
thercof, said payload being protected by said fuselage from
environmental extremes during atmospheric re-eniry.

6. An aircraft having a fuselage and aerodynamic
wings and control surfaces;

the bottom of said fusclage being substantially trans-

versely flat with full stall pitch stabilizing means com-
prising fixed structure of cambered profile;

large area fluid flow stagnation regions formed on said

fuselage, wing and comtrol surface bottoms at flight
angles of attack at and in excess of full stall;
relatively small linear distances between the peripheral
boundaries of said stagnation regions and the periph-
eral boundaries of said bottom surface areas; and
substantially laminar fiuid flow states prevailing adja~
cent said bottom surfaces between said stagnation
regions and said bottom area pheripheral boundaries.

7. An aircraft as described in claim 6 wherein the sides
of said fuselage arc relatively convergent from said bot-
tom and fluid flow separates from said fuselage, wing and
control surfaces at said bottom area peripheries under
said full stall attack angle flight conditions.

8. A reaction propulsion aerospace vehicle having:

fixed position aerodynamic lifting and control surfaces;

{wo positively statically stable trim attitudes at subsonic

velocitics, one stable trim attitude at an angle of
attack exceeding 40 degrees and the other at an
angle of less than 40 degrees; and

sufficient pitching moment control means to selectively

drive said vehicle pitch attitnde between said two
stable trim attitudes. i
8, An acrospace vehicle as described in claim 8 wherein
said vehicle is positively statically stable about pitch and
roll fuselage reference axes and neutrally stafically stable
about a yaw axis coinciding with a relative wind axis in
flight at said atlack angle in excess of 40 degrees.
18. An acrospace vehicle as described in claim 9 where-
in said vehicle is positively statically stable about a vehi-
cle refcrence yaw axis in {light at said attack angle of
less than 40 degrees.
11. A method of recovering a vehicle having fixed
aerodynamic support and control surfaces from high alti-
tudes and hypersonic velocities comprising:
regulating the flight attitude of said vehicle throuphout
the hypersonic velocity region to aftack the relative
wind with a sobstantially maximum area profile;

providing positive static pitch stability throughout said
hypersonic velocity region by relating the lifting
force from said relative wingd to the angle of inci-
dence of said vchicle over one portion thereof at a
tate different from the remaining portion;

generating a shock wave between the wundisturbed
atmospheric fluid and said attack area profile at a
discrete distance ahead of said vehicle;

conducting fluid flow behind said shock wave over said

attack area surface at laminar flow states throughout
said hypersonic vclocity region;
regulating the flight attitude of said vehicle throughout
the subsonic velocity region to attack the relative
wind with a substantially minimum profile; '

generating aerodynamic lift from said fixed aerody-
namic support and control surfaces throughout said
subsonic velocity region; and

horizontally landing said vehicle in a substantially stall

attitude,

12. A high attitude vchicle recovery method as de-
scribed in claim 1% additionally comprising:

substantially separating said fluid from said attack area

surface at the peripheral boundary thercof through-
out said hypersonic velocity region.
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13
13. An aircraft having fuselage means fixed position
wings and attitude comtrol surfaces:
said fuselage having roll and pltch and first yaw axes
relative thereto;
. a second yaw axis parallel with the relative wind against
said aircraft in flicht and substantially intersecting
the vehicle center of gravity; and

said aircraft being positively statically stable about sald

roll and pitch axes and neutrally statically stable
about said second yaw axis in flight at full stall attack
angle attitudes,

14. An aircraft as described in claim 13 also bemg
positively statically stable about said first yaw axes in
flight at angles of attack less than full stall.

15. An aircraft baving fuselage and wing means:

the bottom of said fuselage being substantially flat over

a first portion. thereof, both longitudinally and trans-
versely, whereby substantially uniform impact letmg
pressures are imposed against said first portion of
the bottom in full stall flight attitndes; and

said fuselage bottom having rigid structural means

over a second portion thereof for effecting positive
static pitch stability restoring moments on said air-
craft in said full stall flight attitudes.

16. An aircraft as described in claim 15 also having

16

20

14
means for positive static roll stability about a longitudinal
fuselage axis and neutral static yaw stability about an
axis paraliel with the relative wind and substantially in-
tersecting the aircraft center of gravity in said full stall
flight attitudes.

17. An aircraft as described by claim 15 wherem said
rigid structural means comprises longitudinally cambered:
surface means disposed along the leading. end of said
fuselage bottom.
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) Febroary 14, 1876.

To all whom it may concern: .
Be it known that I, ALEXANDER GRAHAM
. BELL,of Salem, Massachusetts, bave invented

certain new ang uselul Improvements in Te- |

-lttia"gmph’y, of which the following isa specifica-
on:

In Letters Patent granted fo me April 6,
1875, No. 161,739, I have described 8 method
of, and apparatus for, transmitbing two or
mora telegraphic signals simnituneously along
& single wire by the employment of trans-
mitting-instruments, each of which occasions
a succession of electrical impulses differing
in rate from the others; and of receiving-
instruments, each tuned to a pitch at which
it will be put in vibration to produce its
fandamental note by one only of the btrans-
mitting - ingtruments; and of vibratery cir-
cuit - breakers operating to convert the vi-
bratory movement of the receiviug-instru-
wment inte a permanent make or break (as
the case may be) of a local circunit, in which
is placed,a Morse sounder, register, or other
telegraphic apparatns. I have also therein
described a form of autograph-telegraph based
upon the action of the above-mentioned instru-
ments, :

In illustration of my method ot muitipl
‘telegraphy 1 have sbowa in the patent afore-
said, as ove form of transmitting-instrnment,
an electro-magnet having a steel-spring arma-
ture, which is kept in vibration by the action
of a focal battery. This armature in vibrat-
iug makes aud breaks the main circuit, pro-
ducing an intermittent current upon the line-
wire. I bave found, however, that upon this
plan the limit to the number of signals that
cau be sent simultaneously over the zame
wire is very speedily reached; for, when a
nanber of transmifting-instroments, baving
differeat rates of vibration, aresimaltancously
making and breaking the same circuit, the
effect upon the main Noe is practically equiva-
lent to one continuous current.

In a pending application for Letters Patent,
filed in the United States Pateut Office Feb-
ruary 25, 1875, I have deseribed two ways of
producing the iotermittent enrrent—the one
by actual mwake and break of contact, the
otber by alternntels/ iocreasing and dimiaish-
ing the inteusity of the enrrent without actu-

ally breaking the cireuit., 7T'he eurrent pro-
dnced by the latter method I shall term, for

-distinction sake, a pulsatory carrent.

My present invention consists in the em-
ployment of a vibratory or undulatory cur.
rent of electricity in coatradistinction to-a -
merely intermittent or palsatory current, and
of & method of, and apparatus for, producing
electrical undulations upon the line-wire.

The distinction between an undalatory and
a pulsatery current will be understood by coa-
gidering that electrical pulsations are caused
by sudden or instantaueous changes of inten-
sity, and that elecfrical undulations result
from gradunal changes of intensity exactly
analogous to the changes iu the deusity of air
occasioned by simpie pendulons vibrations.
The electrical movement, like the aerial mo-
tion, ¢an be represented by a sinusoidal curve
or by the resultant of several sinusoidal
eurves,

Intermittent -or pulsatory aud undulatory
currentg may be of two kinds, accordingly as
the saccessive impulses have all the zame po-
-Jarity or arealtetnately positiveand negative.

The advantages Iclaim to derivefrorithe use
ofanundalatory eurrentin place ofamerelyin-
termittent oneare, firat,that a very much larger
number of gignzls can be transmitted sijuul- -
tanecusly on the same circuit; second, that a
closed circuit and single main battery may be
used; third, that commeaication is both direc-
tions is established without the necessity of
special induction-coils; fourth, that cable dis-
patches may be transwmitted more rapidly than
by means of an intermittent current or by the
metheds at preseat iu use; for, as it isunnec
essary to discharge the cable before o new sig-
nal can be made, the lagging of eable-signals is
prevented; fifth,andthatas the circoit is never
brokeun a spark-arrester becomes unnecessary.

It has long been known that when a perma-
nent magnet is caused to approach the pole of
an electro-magunet a current of electricity isin-
duced in the coils of the latter, aud that wher
it i3 made to recede a current of opposite po-
larity to the first appears upon the wire.
Whea,therefore,a permanent magnet is caused
to vibrate in frounft of the pole of an electro-
magnet an nudulatory curreat of electricity is
induced in the coils of the electro-maguet, the
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undulations of which eorrespond, ‘in rapidity
of succession, to the vibrations of the magnet,
in potarity to the direction of its motion, and
in inteusity to the amplitude of its vibration.
That the ditference between an nudulatory
audanintermittentcurrent may be more clear-
Iy understood I shall describe the condition
of the electrical current when the attempt is
made to trausmit two musical notes simulta-
neonsiy—firstupoun the one ptap-and then npon
the other. Let the iuterval between the two
sounds be a majorthird; thentheir ratesof vi-
bration are in the ratio of 4 to 5. Now, when
the intermittent current ia used the cireuait is
wmade and broken four times by one transmit-
ting.instrument in the same time that five
mzkes and breaksare eaused by the other. A
and B, ¥Figs. 1, 2, and 3, renresent the inter-
mittent eurrents produced, foar impulses of B
beiog made in the same time as five impulses
of A. c¢c ¢ &c.,showwhereand for how long
time the circnit is made, and d d &, &¢., indi-
cate the duration of the breaks of the circuit.
The line A and 13 shows the {otal effect npon
the current when the transmittiog-instroments
for A and Bare caused simultaveoualy to make
and break the same circuit. The resultant ef-’
fect depends very inuch upon the duration of
. the makerelatively'tothe break. In Fig. 1 the
ratioisaslto4;in Fig. 2, as1to 2; and in Fig.
3the makes and breaks are of equal daration.
The combined effect, A and B, Fig. 3, is very
nearly equivalent’to a continnons curreut.
. 'When many transmitting-instruments of dif-
_ferent rates: of vibration ure simultaneously
making and breaking thie same cireuit the cor-
rent upon'the main line becomes for al} prac-
tieal purposes continuous. T :
Next, considerthe effect when an undulatory
carrent is employed. Electrical undnlations,
- induced by the vibration of 2 body capable of
inductive action, can be represented graphic-
ally, without error, by the same sinnsoidal
curve which expresses the vibration of the
indueing body itself, and the effect of its vi-
bratien upon the nir; for, as above stated, the
rate of oscillation in the electrical current cor-
responds to the rate of vibration of the io-
decing body—that is, to the piteh of the seund
produced. . The intensity of the carrent va-
ries with the amplitude of the vibration~~that
* i3, with the loudness of the sound; and the
. polarity of the curren$ corresponds to the di-
rection of the vibrating body—that is, to the
condensations and rarefactions of air prodnced
by the vibration. Hence, thesinusoidal curve
- A or B, Fig. 4, represents,graphically, the elee.
tricat undulations induced in a circuit by the
vibration of a body capable of inductive ac-
tion. - : - ) :
The hLorizontal line ¢ & ¢.f, &e., repregents
.the zero of current. The elevations b b b, &e.,
indieate impulscs of positive electricity. The
depressious ¢ ¢ ¢, &c., show impulses of nega-
tive eleetricily. . The vertical distance d d or
¢ f of any portion of the curve from the zero-.

Jiue expresses the intensity of the pesitive or
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pegative impulse &% the part observed, and

the horizontsl distance ¢ a indicates the dara-

tion of the electrical oscillation. The vibra-

tions represented by the sinusoidal curves B

and' A, Fig. 4, are in the vatio aforesaid, of-
4 to 5—thatis, four oscillations of B are made

in the sawe time as five oscillations of A.

- The combined effect of A and B, when in-

duced simultaneously on the same circuis, is

expressed by the curve A-+-B, Fig. 4, which.
is the algebraical sum of the sinasoidal curves

A and B. This curve A--B also indicates

the aetual motion of the air when the two

musical notes cousidered are sounded simul-

taneonsly., Thus, when clectrical undulations

of diflerent, rates are simnltaneously induced

in the same circuit, an effect is produced ex-
actly analogoustothat oceasioned in the.airby

the vibration of the inducing bodies. Heuce,

the coexistence upon a telegraphic ciréunit of
electrical vibrations of different pitch is mani-

fested, not by the obliteration of the vibra-

tory character of the current, bat by peca-

liarities in the shapes of the clectrical undn.

lations, or, in other words, by peculiaritiesin

the shapes of the curves which represent those

undulations. ;

There are many ways of producing wndula-
fory carrents of electricity, dependent for ef-
fect upon the vibrations or motions of bodies
capable of inductive action. A few of the
rnoethods that may be employed- I shall here
specify. . Wheun a wire, through which a con-
tinnous curreat of electricity is passing, is
caused to vibrate in the necighborhood of an-
other wire,an undalatory current of electricity
is induced in the latter. When a eylinder,
upon which arearranged bar-magnets, is made
to rotate in front of the pole of un ¢lectro-
raagnet, an undnlatory cucrent of electricity is
induced in the coils of the electro-magnet.

Undulations are caused in a continuous vol-
tatc current by the vibration or inotion of
bodies ecapable of inductive action; or by the
vibration of the conducting-wire itself in the

_meighborhood of such bodies. Electrical un-

dnlations may also be caused by alternately
increasing and diminishing the resistance of
the circait, or Ly alternately increasing.and
diminishing the power of the battery. ‘Che
intersal resistance of a battery is diminished .
by bringing the voltaie elements nearer to-
gether; and increased by “placing them far-
ther spart. The reciproeal vibration of the:
elements of a battery, therefore, occasions '
an andanlatory action in the voltaic current.

-The external resistance may 2lso be varied.

For instance, let mercury or some other lig-
uid form part of a voltaie circuit, then the
more deeply the.condncting-wire is immersed
in the mercary or other liquid, the less re-
sistance does the liquid offer to the pasaage
of the current. Heuce, the vibration of the
conducting-wire in mercury or -other lguid -
ineluded in the cirenit oceasions undulations
in the current. The vertical vibrationsof the
elements of a battery in the liquid in whieh
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they are immersed produces an nadalatory
action in the current by alternately increasing
dand diminishing the power of the battery.

In illustration of the method of creating
alectrical undulations, I shall show and de-
seribe one form ofapparatos for producing the

effect. 1 prefer to employ for this purposean

electro-magnef, A, Fig. 5, haviaga coil upon
only one of its legs b. A steel-spring arma-

- ture, ¢, is firmly clamped by one extremity to

the uncovered leg d of the magnet, and itsfree

- ehd is allowed to projectabove the pole of the-

covered leg. The armatare ¢ can be set in
vibration in & variety of ways, one of which
is by wind, and, in vibrating, it produces a
mausical note of a certain definite piteh.

- 'Wheon the instrument A is placed in a vol~
talc circnit, g b e f g, the armature ¢ becomes
maguetic, and the polarity of its free end.is
opposed to that of the magnet underneath. So
long as the armature ¢ remains at rest, no ef-
fect is prodaced npon the voitaic current, but
the moment it is.set in vibration to produce
its musical note a powerful inductive action
takes place, and electrical unduolations trav-
erse the circuit g 3 e fg. The vibratory cur-
rent passing throogh the coil of the-electro-
magnet f causes vibration in its armature %
when the armatures ¢ A of the two instromerts
A I arenormally in unison with one anether;
‘bet the urmature % is unaffected by the pas-
sage of the undulatory. current when the
pitches of the two instroments are different.
“- A nomber of instroments may be placed
uponatelegraphic eircuit, asin Fig. 6. When
the armature of any one of the instraments is
set in vibration all the other instrnments apon
the cirenit which areinanison with it respond,
but those which have normally a different rate
of vibration remain gilent. Thus,if A, Fig. 6,
is set in vibration, the armatures of A'and A’
will vibrate alao, but all the others on-the cir-
cuit will remairn still. So if B' is caused to
omit its musical note the instrumeats: B B! re-
spond. They continuesounding so long as the
mechanical vibration of B' is continued, but
becomesilent with the cessation of its -motion.
The daration of the soued may be used to in-
dicate the dot or dask of the Morse alphabet,
and thos » telegraphic. dispatch may be indi-
cated by alternately interrupting and renew-
ing the gsound.’

When two or more instruments of different
pitch are simultaneously caased te vibrate, all
the iostrunments of cortesponding pitchesupon
the circuit are setin vibration, each respond-
ing to that one only of the transmitting instra-
ments with whick it is in unison. Thus the
sigoals of &, Fig. G, are repeated by A' and

A, but by no other instrument upon the eir- |

cuit; the signals of B’ by B and B';and the

.signals of C' by C and C'—whether A, B’, and
. G are muccessively or simultaneously caused

to vibrate. Hence by these instraments two
or more telegraphic signals or messages may
be sent sf multaneously over the same cireutb
withouat interfering with one anotier.

I.desire here to remark that there ire many
other nses to which these instruments may be

| put, such as the simultaneous transmission of

musical notes, differing ia londness as well as
in pitch, and the telegraphic transmission of -
noises or souads of any kind. ‘ )

Wheun the armaturs ¢, Fig. 5, is set in vi-
bration the armatare % responds nof only in
piteh, but in loudness. Thus, when e vibrates
with little amplitude, a very soft musical note
proceeds from 4; and when ¢ vibrates foreibly
the ammplitude of the vibration of 4is considera-
bly increased, and the resultingsound becomes
louder, 8o, if A and B, Fig. 6, are sounded
simultaneously, (& londly sud B sqftly,) the
instraments A and A’ repeat loudly the sig-
0als of A, and B' B’ repeat softly those-of B.

One of the ways in which the armature
Fig. 6, may be set in vibration has been sta
above tobe by wind:  Another mode isshown
in Fig. 7, whereby motion can be imparted to
the armature by-the human voice or by means -
of a muaical instrament.

The armature ¢, Fig. 7, is fastened loosely
by one extremity to the uncovered leg dofthe
electro-magnet b, and itsother extremity is at-
tached to the center of 2 stretched membrane,
a. A cone, A, is used to converge Sound-vi-
brations upon the membrane. When asound
is uttered in the cone the membrane « is set -
in vibration, the armature c is forced to par-

take of the motion, and thus electrical undn-

1stions are created npon the circuit Eb e f .
These undalations are similar in form to the
2ir vibrations cansed by the apund-—that is,
they are represented graphically by similar
curves, - . '

The undalatory eurrent passing through the
electro-magnet f influences its armature 4 to
copy the motion of the armature ¢. A simi-
lar sound to that uttered into A isthen heard
to proceed from L., - ' .

I this specification the three words “oscil-
lation,”? *vibration,”” and ‘‘undulation,” are
used synonymously, and in contradistinetion
tothe terms ‘‘intermittent’’ and ‘‘pulsatory.”’ -
By the terms “body capable of induncbive ac.
tion,” I mean a body which, when iz motion,

_produces dynamical electricity. I include in
the category of bodies capabie of inductive ac-
tion—brass, copper, and other metals; as well
as iron and steel. o ;

Having described my inveniiod, what T
claim, and desire to secure by Letters Patent -
iz ag follows: : : ‘

1. A system of telegraphy in which the re-
ceiver is get ‘in vibration by the employment
of undelatory carrents of electricity, substan-
tially as set forth, :

2. The combination, substantially as set
forth, of a permanent magnet or other body
capable of inductive action, with a closed .
‘circuit, 8o that the vibration of the owe shall
oceasion electrical undulations in the other,
or-in itself, and this I claim, whether the.
permanent magnet be.set in vibration in the

neighberhood of the conducting-wire form:
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jng the cireuit,or whether the conducting-wire
bo set in vibration in the neighborhood. of the
permancnt magnet, or whether the condnet.
ing - wire and the permanent magnet both
‘simaltaneously be set in vibration in each
other’s neighborhood, :

3. The method of producing nndulations in
" a coutinuous voltaic current by the vibration
or motion of bodies capable of inductive ac-
tion, or by the vibration or metion of the

conducting-wire itself, in the neighborhood of

snch bodies, as set forth, -

4. The method of producisg andulations in
a continuous voltaic ecirenit by gradually in-
¢reasing and diminishing the resistance of the

cireuit, or by gradaally increasing and dimin-
ishing the power of the hattery, aa set forth.
" B, The method of, and apparatus for, trans-
mitting vocal or other sounts telegraphically,

as herein described, by caunsing etectrical .np-

dulations, similar in form to the vibrations of
the air accompanyiug the said vocal or other
sound, substaotialiy as sek forth. )

In testimony whereof I have hereunto
signed my nawme this 20th day of Januaary, A,

D. 1876. . ‘
ALEX. GRAHAK BELL,
Witnesses: %
THoMAS I&. BARRY,
P. . RICHARDS.
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- To all whom it may concern:
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'15

Be it known that I, Joun P. HOLLAND, a
citizen of the United States, residing at New-
ark, in the county of Essex and State of New

_Jersey, bave invented certain new and useful

Tmprovements in Sabmarine Boats, of which

‘the following is a specification. :
This invention relates to the class of boats.

or vessels. which are adapted to be operated
or maneuvered both on the sntface of the
water and submerged; and the object is, in
the main, to provide the boat, which will
have the known spindle form or contour, with
a deck or promenade for the ¢rew when the
boat is operating on the surface and such a

- superstructure for this purpose as will per-

- mit the boat to dive anid operate subwmerged

20

without impediment or hindrance.
Intheaccompanying drawings, which illus-

trate the invention cmbodied, Figure 1 is a

side elevation of a submarine boat. Figs. 2,

B, and £ are transverse sections of the same

25

“of the boat.

at the points in Fig. 1 indicated, respedtively,
by the lines 27, #3, and &% Fig. 5 is a plan
Fig. 6 is a bow end view of the

. boat, showing the cap of the expulsion-tube

.30

. or conning-tower.
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open. 1'ig. 7 is a sectional side elevation of

.the bow portion of the boat, showing the con-

struction of the hinged cap of the expulsion-
tube and the superstructure at the bow.
ldesignates thespindle-shaped hullor body
of the boat, 2 the propelier, and 3 tho turret
These are or may be of
the usnal or krown construction. In Fig, 1
the line x dosignutes the water-level when

‘the boat is adapted for surface running, and

the line y designates the water-level when
the boat is ballasted to put it awash or in
diving condition. . .

On the rounded back or top of the boat is

‘built and rigidly seenred a hollow super-

" stroeture S, having a flat deek or promenade 4
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. bow it is arched, as seen in FRig. 6.

extonding both forward and aft of the con-
ning-tower. This superstrueture toward the

bow has the form in. cross-section seen in
Fig. 4—that is, its top slopes off as each side
from a central ridge in a vertical plane co-
incident with the axis of the boat; but atthe
Along
tho sides of the superstructure are scuppers &
for the free escape of the water from the su-

perstructure when the boat ¢omes to the sur-
face, and in the deck 4 are gratings 5', one or
more, to permit the air to escape as the boat
sinks bemeath the surface. In the super-
structure is shown a well G for a ¢oil of rope,
and about, the conning-tower, fore and aft, is
a rounded strueture 7 above the deck 4 and
sloping from the tower down to the deck.
In a vertical plane passing through the lon-

‘gitudinal axis of the boat are thin fins §,

which abut against the conning-tower, The
upper edges of these fins slope from the top
of the tower down to the deck 4 and serve as
skids to carry a hawser or line over the tower
and preveut fouling. "The purpose of this
superstructure is in part to provide a deck
and promenade for the erew, to afford a cover
and proteetion for ventilators, relief-valves,
exhanst-pipes, and mufflers, which are on the
oulside of the upper surface-or back of the
hull of the boat, and to provide a convenient
stowage-space for the anchor,
mooring-lines. .

The construction al the how of the boat is
sgen in IMgs, 6 and 7. ' : _

0 ig the expulsion-tube, and 10 the muzzle-
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cable, and -
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casting, where the said tube and tho boat-hull -

are joined. _ ;
i1 is the eap of the expulsion-tube, coned

to form the bow-tip or nose of the boat and

hinged to the casting 9 at 12. On the {ront
or bow end of the superstrueture is a strong

8o

metal hood 13, which takes over and protects . -

_the shield-plate 11' of the cap 11 -and houses

the operating-gear of the cap. Thishood not
only protects the operating-gear of the eap,

‘hut it gerves as a fender to prevent the acei-

dental opening of the cap from collision with
a dock or floating object. When the boat
sinks, the water freely enters and fills the su-
perstrueture, and when the boat rises the wa-

.ter Aows ount freely. This construction avoids

the necessity of providing an excess of wa-
ter-ballast space in the interior of the boat to
overcomoe or neutralize the buoyaney if the
superstructure were-made water-tight., The
superstructure S extends theé entire length of
the boat from stem to stern, and the purpose

1n giving toitthe inverted-Y form seen in Fig.

4 is to reduce resistance in moying through
the water. This also is the object of the
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rounded structures 7 in front and rear of the
conning-tower. They serve to part the water
as the boat is running.

Ilaving thus described my invention, I
claim—

1. A submarine boat provided on its top or
rennded back with & hollow superstructure

‘having a flat, level promenade both forward

and attoftheconning-tower, and having slop-
ing portions extending from saidlevel prome-
nade down to the stem and stern of the boat,
said hollow superstructurehaving atits sides
always-open scuppers fov the flow of waterin
and out, and having in its top always-open
gratings for the flow of air in and out, sub-
gtantially as set forth.

2. A submarine boat having on ifs top or
rounded back a hollow snperstructure with

-aperfures for the free low of water into and

out of same, a conning-tower which extends
up through said superstructure, the inclined
structures, and the sloping fins 8 on the su-
perstructure and abutting againgt the said
tower to prevent the fouling of lines, substan-
tially as set forth.

708,553

3. The combination with a submarine boat
of spindle form and having an_expulsion-
tube, a muzzle-casting, and a cap 11hinged to
said casting and provided with a shield-plate
11', of the hollow superstructure on the boat,
provided with a hood 13 which houses the op-

erative mechanizsm of the cap and the shield .

thereof, substantially as set forth.

4. A submarine boat having on its rounded
top or back ahollow superstructure extending
the entire length of the boat and open at all
times for the outflow and inflow of airor wa-
ter, said snperstrueture having at its middle
part a flat, level, promenade-deck, and at its
forward end an inverted-V formr so ag to re-
duce resistance in moving through the water,
as set forth.

In witness whereof I have herennto signed
my name, this 30th day of July, 1901, in the
presence of two subscribing wiinesses.

JOHN P. HOLLAND.

Witnhesses:
PrrER A. Ross,
K. M. CAPLINGER.
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- UNITED STATES PATENT OFFICE.

WILLIAM HOVEY, OF WORCHSTER, MASSACIIUSETTS.

CYLINDER WASHING-MACHINE,

Specification ‘of Letters I"a.tent No. 117, dated Februai‘y 4, 1837,

To all whom it may concerr.:
Be it known that I, Wmriav Howvny, of

Worcester, in the county of Worcester, in

the State of Massachusetts, have invented a
new and useful Improvement in the Con-
struction of Machines for Washing Clothes,

“called the “cylinder washing-wnachine,” of

which the following is a full and exact: de-
seription. - : Lo mewy

This machine consists of a box or-gink
about three feet long and from ten to twelve
inches deep and from twelve to eighteen
inches wide. In this box or sink, near the

.middle from each end, I cut grooves in the

side pieces of the box running up and down
m & perpendicular manner about three-
eighths of an inch deep, more or less, and

_two or three inches wide, as the builder may

choose. This box or sink is then ready to
receive the application of the washing appa-
ratus, which 1s constructed as follows, viz:

‘Fitted into the groves cut in the sides of the
_box or sink are two brass stands or slides,

one on each side of the box opposite each
other, caleulated and fitted to shde up and
down in the grooves cut in said box; they

~are let in flush and even with the inside of

the box and arc conmected together near
the bottom by a picee of wood the same
width as the slides and about one inch thick
running transversely across the box. This
connects the two slides in such & manner
that they will both rise or fall in the grooves
as this bottom piece that connects them is

‘raised or lowered. This horizontal piece of

weod that conmeets the upright slides of
brass. or other metal not subject to corrode
stands on two or more spiral or cther springs
which are supported by the bottom of the
box or sink in such a manner that this frame,
which is composed of one bottom piece of
wood and the two metallic slides as above
described, will sink down by pressure and

.rise as it 18 velieved. This frame X shall call

the spring frame, which sapports the first
division of the washing apparatus, viz, the
small. rollers, which are fitted to come in
contact with one large one and in eonjune-
tion with it constitute the whole washing
apparatus or principle by which the wash-

-ing is done; all other parts I consider merely

as necessary appendages. This first division
T deseribe as follows: I have as many small

‘rollers about one inch in diameter, more or

less, as will when laid close and parallel to
each other make about five-twelfths of a

circle of from eight to twclve inches di-
ameter. These rollers are placed horizon-
tally and parallel to cach other with
gudgeons of metal in each end, which run in
circular pieces of brass or other metal not
subject to corrode. These circular picces of
metal are so fitted that the small rollers,
when fitted into them, form horizontally a
surface conforming to the segment of a cir-
cle equal to that which X intend the outer
surface or circle of the large cylinder shall
be: which eylinder constitutes the second
cdivision of the washing apparatus. These
circular pieces of metal in which the small
rollers revolve are four in number, making
two independent segments of the small
rollers when fitted in their proper place.
These segments of small rollers are hung in
the spring frame on metallic pins project-
ing from ncar the bottom of the metallic
slides or upright part of the spring frame
in such a manner that the two segments of
small rollers when hung in said spring
frame will form a segment of a circle abount
five-twelfths of its cireumference, more or

less, with the concave side on the upper

surface and running across the hox. These
segments of small rollers are hung on the
pins in the upright slides in the spring
frame by ivserting the pins on which they
hang into female centers made directly in a

Tine with the centers of the two bottom

rollers where the two segments meet and
form the center hinge of the whole segment
when they are united in the spring frame
in such a manner that the upper edge of
each of these wings or segments of small
rollers can be moved out or in from the true
circle of the whole segment without altering
the lower rollers as they are hung in the
spring frame. I then attach springs at each
end of the upper edge of these segments
near-the top rollers, which springs are con-
nected with the box or sink and serve to

press the segments or rollers toward the

conter of the large cylinder which is fitted
into the box so as to revolve in these scg-
ments of small rollers, its convex surface
corresponding with the concave surface of
the segment of small rollers. This roller or
cylinder is fluted, so as to correspond with
the small rollers in such a manner that when
the springs have pressed them up they will
all Tie in the flutes of the large cylinder, and
as this large cylinder is turned on its axis
the springs will yield and let them out of
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those flutes, and as they are pressed in and | of the small rollers and the fluted eylinder

out by the springs and the fillets between the
flutes alternately the washing is produced
as the clothes are passed through between

the surface of the large and small rollers. !
This large voller or cylinder runs by means °

of a crank and is turned around or back-
ward and forward at will; it runs on a shaft
or axis bearing on each side of the box; the
best method of operating it is to turn it by
hand backward and forward so as not to let
the clothes run entirely out of the first

- division or small rollers nor should they

wind around the large roller.
I diselaim all right to the principle or

‘method of simply applying a fluted roller

to a single segment of small rollers corre-
sponding except such right as may be held
in common with the public.

What T cliim as my improvement consists
In—
. The method of dividing and applying the
segment of small rollers as above described
§0 as more ful?- to equalize the pressure he-
tween the surface of the small rollers and

“ the fluted cylinder between which the wash-
ing is effected. I do not confine my claim '

to & single division of the small rollers any
farther than simplicity and convenience ma

require to produce the desired effect.

division of each roller with springs pressing
‘them toward the center of the fluted cylinder
will more fully equalize the pressure be-
tween the small rollers and the fluted cylin-
der as they recede from or approach each
other and will answer nearly as good a pur-

pose as the one above described. I therefore
-claim the method of dividing and applying
these segments of small rollers ag above de-
scribed or any other division that will serve
to equalize the pressure between the surface

while in the operation of washing clothes of
various thicknesses.

More fully to illustrate the construction
of this machine reference is hereby made to
the accompanying drawings, in which—

Figure 1 is a sectional view of the appa-
ratus. Fig. 2 is a perspective view of the
same.

In Fig. 1 A is an end view of the fluted
cylinder. B B arc the circular pieces of
brass in which the small rollers run. I I

are the center hinges or pins on which the
brass pieces are hung te the spring frame.

C C are the segments of small rollers divided

i between I I. D ig a bottom section of the

upright slides and end of the cross piece
ithat connects them which constitute the
spring frame. E is the spiral spring which
supports the spring frame. I F are two
cross partitions in the sink. G G are spiral
springs which are let into the cross parti-
tions I’ F and press against the dogs H H
which in connection serve to press the upper
part of the segments of small rollers C C
toward the center of the fluted cylinder A
as they hang on the hinges or pins L I. K is

" the bottom of the sink. 'L T. are the places

where the clothes are entered for washing
between the fluted cylinder and the segment
of small rollers.

In testimony whereof I, the said Wirriam
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Hovey, hereto subscribc my name in the .

presence of the witnesses whose names are
hereto subseribed, on the tenth day of Janu-
ary, A. D. 1837.

WILLTIAM HOVEY. -

Signed in presence of—
J. H. RICHARDSON,
Gro. W. RicHARDSON.
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