V. BUSH 1,897,236

SIGNALING SYSTEM

Feb. 14, 1933.

Original Filed Nov. 6, 1928

i
— — o mmm e o wr mm wmb T o e Sy o .
B L o
-
- e P e e g Sy e S o Y e ak mg
-— I T
Al
F_._____.__..—-—-ﬂ--l-'—l'—-"-‘_"-"‘-'—-l — ol
- - 'l-—.-...__-
-
-‘.-_---—._.——.--"'—'1—!"._—”‘__
-— “-""H-q—___q_
Ha
—
— — — — 1
L | [P
— — _—..
- - ———
-
P i o e ot Bt S wmk EE S G e m— —
- h_.d
— o
. e —
—
B
- oy e o — AR e o ey ‘s
- b ]
"
pom wm T i e B S
- e
—
m—p—
-—— - - T—
- -_
—
o e mil P L R g gy —
= _—
——
—
— ki o o T wmk e P . o — e,
- _——_
—
p—
e e P e — R ek e s e m—
—— e
s
y o kT T E— e e ey
T
—
; el e — — ke 8
v — e ey
T ——
—— ——
- T o o—
—

INVENTOR
%?A/ Ve 2= ..{_/J//




Patented Feb. 14, 1933

UNITED STATES

1,897,236

PATENT OFFICE

VANNEVAR BUSH, OF BELMONT, MASSACHUSETTS, ASSIGNOR TO RAYTHEON, INC. OF
| | CAMBRIDGE, MASSACHUSETITS, A CORPORATION OF MLASSACHUSETTS - |

SIGNALING SYSTEM

Application filed November 6, 1928, Serial No. 317,597. Renewed November 22, 1930,

This invention relates to signaling systems
and especially to that class of systems where-
1 Images either stationary or movable are
transmitted by wire or wireless to a receiv-

5 Ing station and there recreated. Although
my 1nvention is applicable to the transmis-
sion of stationary images, it finds its greatest
application in the transmission and reception
of movable images, that is, television.

10
a scene which is constantly changing, it is
essential to transmit about sixteen complete
pictures per second in order that the observer
at the receiving end shall see a continuously

15 changing scene without substantial flicker.
It 1s customary in all systems to divide up
ne scene into a large number of tiny unit
areas comprising discrete scenic elements and
successively transmit each of these elements.

20 The division of the scene into the tiny unit

areas 1S cependent upon two coordinates
since the entire scene is to be scanned.
In certain systems, the mechanisms serves
to break up the scene along the two coordi-
.28 nates to thus obtain the unit areas. In other
systems, however, the mechanism only oper-
ates along one coordinate. The other coordi-
nate 1s determined by the width of the trans-
mission band. Thus it is evident that in a
30 scene in which frequent contrast occurred,
the light modulated currents would have a
high frequency which of course could be no

wider than the transmission band. These

areas may be taken in any manner whatso-
ever either along a substantially straight line
which covers the entire scene or else in
spirals. In either case, each unit area is con-
sidered as a discrete and separate scenic ele-
ment. The entire composite is very much

35

40 like the well known and ordinary cuts for

printing. There the entire picture is made
up of a large number of tiny mounds or pro-
tections of varying height. The greater the
number of unit areas, the clearer the picture
becomes as regards detail. -

Assume for example that the transmitting

portion of the television system sub-divides
the object scene into 2.500 unit elements—50
~elements 1n each one of 50 rows. An impulse
proportional to each element must be trans-

It 1s well known that in order to transmit

| HliSSiOI’l.

mitted'every . of a second. “With 2,500 ele-
ments, 1t 1s evident that to transmit the scene
once, 1t will be necessary to transmit 2,500

separate 1mpulses every 1% of a second and in.

order to obtain a continuous picture, it will
be necessary to transmit 40,000 impulses per
second. If reproduced as an image one inch
square such a picture will be equivalent to a
half-tone print taken with a 50 mesh screen.
This is regarded as very poor even for news-
papers, which as a rule, use the coarsest
screens of all for half-tone work. With such
an image, considerable detail is impossible.
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If the image is enlarged without increasing

the number of elements, at best, no addition-
al detail is obtained. _

With a system as above, using 40,000 im-
pulses or cycles per second, it is evident that
the width of the channel for transmission
purposes over wire or radio is 40,000 cycles.

For ordinary speech or music, a range of
3,000 cycles 1s very amply sufficient and in
ordinary transmission of telephone messages,
this channel is cut down considerably below

this figure. Thus it will be seen that one of
the disadvantages under which television
labors is the necessity for having an extreme-
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ly wide transmission channel even for the

purpose of obtaining poor detail. If detail

were to be 1mproved in ordinary systems, the
channel would of necessity have to be in-

creased. If the transmission is over wires,
1t 18 evident that the cost of transmission
will be very much greater. If the transmis-
sion is by means of radio, the number of chan-
oreatly restricted. -
An object of my invention is to effect

substantial decrease in the width of channel
necessary for the transmission of television
or other impulses without losing any detail.
A further object is to introduce considerably
more detall without substantially increasing
the width of the channel necessary for trans-

nels available for simultaneous use will be

- My invention in general is based uponz the
following fact.
looking at something either movable or im-

gauze In front of him through which he
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Assume that an observer.is

movable and has an ordinary screen or metal

100



number of dlscrete unit areas.

2

must look. Under these cifcﬁmstences much

of the detail of the scene will be lost be-
disk so as to be actuated thereby.

cause the total visible area has been reduced
by the breaking up of the scene into a large
- Now sup-
pose that the screen is shaken in a small
circle, the plane of the circle being parallel
to the plane of the screen. Immedmtely the

| detaﬂ of the scene comes beck

10

The reason for this is as follows.
the screen statlonary the entire scene 1s
broken up into a large number of discrete

- unit areas that are relatwely immovable

~ with respect to the scene itself. The

15

POr-
tion of the area which is invisible and which

- represents the intervening areas between dis-

~ cretée unit areas of VlSlbhlt}T always cover
Hence, the

the same portmn of the scene.

- entire 1mage as seen through the screen

20°

Y -~1I
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represents a substantially constant average

of the true scene. When the screen 1s moved

as descrlbﬂd the discrete unit areas of visi-

bility as Well as the blocked out areas repre-
senting the intervening areas, no 1onger nave
an mvarleble relation to the original scene.
The visible image through the screen  be-

- comes a constdntly shlftme average of a con-

30-
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- disadvantages outlined above.
applied to any type of system and in O*eneral'
- would be applied as follows.

40

stantly changing mlmber of diserete unit

scenes of area.
the screen itself interferes with the visibility
of the picture. With the screen movable,
the screen merely represents a dull shadow
which is over the entire picture and reduces

television systems in order to eliminate the

illuminates only a unit area of the scene and

- which is constantly playmg over the entire
‘scene-to be transmitted. Any light deflect-

‘and the object or scene.
a circular motlon in a plene parallel to that
of the disk and relatively slowly thereto such

_ing means such as a small prism may be dis-

posed between the customery scanning disk

that the fine beam of licht from the scan-
ning disk will 111u1n1nate different rather
than superposed unit areas. Hence when the

- beam of 110'ht has scanned the entire scene

6

once 1n % ef a second and starts to repeat

the cycle, it will not follow the preceding
cycle exactly as regards 1‘1L1m11mt1110' certain

deﬁmte unit areas.

What will happen is that the new unit a,rea

- will be dlsplaced a fraction of the dimen-
sion of a unit area away from the precedme '
At the receiving

corresponding unit area.
end a duplicate prism will move in synchro-

nism  with the prism at the transmitter.

60

This receiving prism 1s plaeed in front of

the 1mage to be observed or in line butween

the observer and the glow tube used Both--

W/Vlth |

change only one coordinate of the scene.

B other- words, it divides up the scene into elon-
its brightness but does not reduce its detail.

This same procedure may be adapted in arcs of a circle.

This may be

Assume that
the system employs a fine beam of light which

- This prism is given

1,897,236

prisms may be conveniently operated in syn-
chronism by gearing them to the scanning
In gen-
eral the prisms would be rotated at a greetly
reduced speed to that of the disks. If the
cLels ran at 16 revolutions per second, the
prism might be revolved as slowly as three
revolutions per second.

‘The image as seen at the recelvmg end will
75

be stationary because of the fact that the two
prisms are in synchronism and compenea,te

for each others effects.

It is evident that this 1nvent10n 1S epph-

cable to any type of picture transmitting and

recelving systems. At all transmitters the

prism or ~other equivalent means would be ac-
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tuated so as to affect the normal position of

the unit element of the scene to be transmit-
ted. At the receiving end the prism or other
equivalent means would be so dlsposed as to

affect the normal position-of the light im-

pulses occurring at a particular msta,nt o
“Referring to “the. drawing, Figure 1 is a

dmgrammatlc ficure showing my invention as
applied to' an ordmerv telewsmn tr .‘:LIlSIlllt—
ting system. -

Flﬂ'ure 9 is-a dlagr&mmetlc View. Showmcr |
‘the receiver. :
With the scréen stationary,

Figure 3 is a scannmg dlacrram' -
The system shown in the drewmﬁ is-one in
which - the mechanism - itself operates: to

oated elements which in this case would be
The contrast of the scene it-
self operates to break up the elongated ele-
ments.
aated elements of the scene is pictorially uni-
form then there will be no breakmg up of the
eleno'ated elements.

“The transmitting system comprises a source
for the production of a powerful and concen-
trated beam of light. This source 1s con-
veniently represented as an arc lamp but may

be any source Wthh 1S convement and desur-—-

able.

In
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It is evident that 1f one of the elon-- |
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The cencentrated beam impinges or may

be focused upon.a disk D rotated by motor

M. This disk is the usual well known scan-
ning disk with holes punehed out along a sin-
ole turn of a spiral. The beam impinging
on the disk should, therefore, be at least great

disk D 1s collected and concentrated by an

- optical system here shown as lens O and al-
lowed to play as a fine point of light upon the
scene to be transmitted. As the disk rotates

sixteen or more times a second, the varying
distance of each hole from the center of the

115

“enough to go thr ouo'h any of the holes in the
disk. Normally the beam after going through

120

125
disk would result in a different portion of the -

scene bemﬂ' scanned. The beam through each
hole 1in the disk would Sweep 4cross an arc

~of a circle on the scene to be transmitted. As
the position of different holes va-ried-_with_-
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respect to the center of the disk, the position
of the arc on the scene would be varied. Each
arc thus represents an elongated scenic ele-
ment. This i1s diagrammatically shown in
Figure 8. The continuous lines within the
rectangle indicate the path of a beam playing
on the scene after passing through a hole in
the disk. The amount of light reflected from
the scene to a photo-electric cell C modulates a
current. .

Lo apply my invention to this system, it is
merely necessary to introduce small prism P
capable of rotating on an axis and geared to
motor M as shown. The prism is large enough
so that as it rotates, there will always be a
portion of the prism between any hole in the
disk and the unit area scanned. -

The deflection suffered by a beam of light at
any portion of the prism is constant, assum-
1ing the light to be mono-chromatic. With an
orcinary beam of light containing many wave
lengths, this would not strictly be true but
since the prism has a very small angle and
since only a very small portion of the prism
1s used at any one time, it is evident that no
matter which portion of the prism is used, the
deflection of the entire beam will be substan-
tially constant. Hence, as the prism is rotat-
ed, the beam of light through it, if disk D is
stationary, would be rotated in a small cir-
cle. Since the beam is repeatedly changing
position, it is evident that the rotation of the
prism will serve to constantly deflect the beam
In a varying direction; that is, while the
amount of deflection or angle of deflection
will be constant, the direction in which the

- deflection occurs will always vary, due to ro-
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tation of the prism.

Impulses from the photo-electric cell are
transmitted to the receiving system in Figure
21 any suitable manner. Motor M, syn-
chronized with motor M drives a disk D, a
duplicate of disk D. A glow lamp or any
scurce of 1llumination L whose intensity va-
ries with the impulses from the photo-electric
cell emits light which is visible through the
holes of disk D;. Between the disk and the ob-
server 1s a prism Py, a duplicate of prism P.
Since both systems are synchronized, it is evi-
cdent that the positions of P and P, will corre-
spond 1n the same manner that positions D
and D; are made to correspond. As disk D,

revolves, it places or orientates the Varying

beams of light from lamp I, in a certain por-
tion of the entire field of vision. Prism P
introduces the additional variation by slower
shift of the position of the spots in order to

compensate for any tendency of the image to

rotate.

As previously stated the solid lines in Fig-
ure S represent the paths of the light beams
playing upon the scene. They may also ren-
resent the paths of Light transmitted throuoh
one hole of the disk at the receiving end. Tn
prior systems, these lines represented the por-

tions of the scene which were always trans-

mitted. With a system employing my inven-
tion, this is no longer true. After one com-

plete revolution of the disk, the rotating

prism operates to move the elongated scenic
elements relatively to the scene to be trans-
mitted. This is shown by the dotted lines
which represent the elongated elemental
areas of another cycle. Due to the compara-
tively slow speed of revolution of the prism,

the shape of the elongated scenic elements

1s changed very little.
Although for simplicity sake, the dotted
lines are shown as midway between the full
lines, it is evident that their relative positions
will depend upon the speed of the prism as

3
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compared to the scanning disk. The prism

may be driven at such a speed relative to the
disk that precisely superimposed scenic ele-
ments may occur as often as desired. In any
event, the revolution of the prism operates

85

to introduce a relative motion between the

scene to be transmitted and the transmitting

system. This motion is reversed in the re-

celving system so that while the image is sta-
tionary, all portions of the scene may be

scanned at some cycle or other. It is evident

that the relative motion between the scene
and the transmitting apparatus and between
the recelving apparatus and the observer may
ke obtained by purely mechanical means such
as moving the apparatus relative to the scene
or the observer. If the scene to be trans-
mitted is a still picture, the latter may be
moved around to obtain the relative motion.

While I have shown the prism as having

a substantial angle, in actual practice, it

should merely be large enough so that one |

elongated scenic element will be displaced
a space less than the distance between normal-
ly adjacent scenic elements. . - '
Instead of a prism, a vibratory mirror may
be used. The mirror would be disposed in
the light path either between the disk and
object scene or between the object scene and

90
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cell. At the receiving end, the mirror would

be between the disk and screen upon which
the 1mage is observed or between the disk
and observer in the system shown. In the

latter case, the mirror would be so arranged

that all the light coming through the disk
would be reflected by it in order to be ob-
served. It would also be possible to have a

mirror at one station and a prism at the

other station.

The system to which my invention may be

applied may be any of the well known SVS-
tems. Thus some systems illuminate the en-

120

tire object scene and shield the cell in such

a way that reflections from unit areas only

impinge thereon at any one time. The SYS-
tem may break up the elongated scenic ele-
ments 1n unit elements without relying upon
the contrast of the object scene to do that.

- It 1s evident that with my invention it is °
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‘obtainable at present by

4

possible to obtain considerable more detail

in the transmission of pictures without at
the same time increasing the width of the
channel necessary for transmission purposes.

In fact, it is possible to obtain greater detail

and -cut down the width of the channel. 1t

is also possible to retain the same detail as
_ greatly decreasing

the width of the channel. - _

- While I have shown the prisms as giving

a circular motion to the unit area, it is evident

that substantially the same results may be ob-

tained by giving the spot of light a linear
motion. Thus, 1if a mirror were to be used,
it would be very easy to so vibrate the mirror
that the spot of light travels back and forth

“in a straight line and which may be substan-

tially perpendicular to the direction of the
elongated pictorial elements. In the case of

the analogy of looking through the screen, it
is equivalent to vibrating the screen mn a

straight line rather than in a circle. By
taking the line of motion of the screen so
that it is at an angle to both of the wires

making up the-screen, substantially the same
detail will be visible as with circular motion.

The same thing may be done by suitably
moving the spot of light.
Telaim: - S
1. In a system of the character described,
means for resolving an object scene into dis-

crete scenic elements, said means operating
continuously .and repeatedly over said scene,

means for creating electrical impulses corre-

sponding to said scenic elements, means for
creating light impulses correspending to

said electical impulses, means for orientating

sald light impulses to recreate said object
scene, and additional independent means 1n-

cluding o prism to cause the scenic elements
corresponding to one cycle of said resolving

“means to be displaced relative to the scenic

45
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elements of a succeeding cycle. _

2. In a system of the character described,
means for resolving an object scene into dis-
crete scenic elements, said means operating
continuously and repeatedly over said object

scene, means for creating electrical 1mpulses
corresponding to said scenic elements, means
for creating light 1impulses corresponding to
gaid electrical impulses, means orientating

said light impulses to recreate said object
scene, and additional independent means in-

cluding a prism for continuously displacing

sald scene. _ _
- 3. In a system of the character described,
means for resolving an object scene 1nto a

corresponding scenic elements relative to

ject SCene,*and- additional independent means
including a revolving prism disposed be-
tween sald scene and said resolving means to

cause a displacement of the sceni¢c elements

of one cycle relative to the scenic elements of
a succeeding cycle. o

4, In a system of the character described,
means for resolving an object scene 1nto dis-
crete scenic elements, said means operating
continuously and repeatedly over said scene,

means for creating elesctrical 1mpulses corre-

sponding to said scenic elements, means for
creating light impulses corresponding to said
electrical - impulses, means for .orientating

‘said light impulses to create said object scene,

and additional means for deflecting light and
for continususly varying the angle of deflec-

tion of said light in the same direction dur-
ing a plurality of cycles to cause the scenic

elements corresponding to one cycle of said
resolving means to be displaced relative to
the scenic elemerits of a succeeding cycle.

5. In a system of the character described,
means for resolving an object scene into dis-
crete scenic elements, said means operating
continuously and repeatedly over said object
scene, means for creating electrical impulses
corresponding to sald scenic elements, means
for creating light impulses corresponding to
said electrical impulses, means orientating
said light impulses to vecreate said object
scene, and additional means for deflecting
the light and for continuously varying the

angle of said deflection in the same direc-

tion during a plurality of cycles for continu-
ously displacing corresponding scenic ele-

‘ments relative to said scene. | :

6. In a system of the character described,

means for resolving an object scene into a

plurality of discrete scenic elements, said
means operating continuously and repeated-
ly, means for creating electrical impulses cor-

‘responding to said scenic elements, means for

creating light impulses corresponding to said
electrical impulses, means for orientating

said light impulses to recreate said object

scene, and means for deflecting the light dis-
posed between said scene and said resolving
means, said deflecting means continuously
varying the angle of said deflection 1n the

same direction during a plurality of cycles

to cause a displacement of the scenic elements
of one cycle relative to the scenic elements
of a succeeding cycle. o

- In testimony whereof, I have signed my

name to this specification. o
- -~ VANNEVAR BUSH.

-

~ plurality of discrete scenic elements, said
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means cperating continuously and repeat-
edly, means for creating electrical impulses

corresponding to said scenic elements, means

- for creating light impulses  corresponding
to said electrical impulses, means for orien- -
tating said light impulses to recreate said ob-

70

75

80

85

90

95

100

105

110

120

125

130



	Drawings
	Front Page
	Specification
	Claims

