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This invention relates to translating de-
vices and more particularly to an electromag-
netic device for converting alternating cur-
rent of varying amplitudes into a light rec-
ord, the tone values of the successive elemen-
tal areas of which correspond to-the- en-
velope of the ‘successive instantaneous am-
plitudes of the alternating current.

. Inapplicant’s Patent No. 1,638,555, Aug.
9, 1927, Serial No..635,886, filed May 1, 1923
an arrangement is disclosed for obtaining a
light record, the successive tone values of
which are a function of the instantaneous am-
plitudes of an impressed current of any de-
sired wave form, such as that of a wave cor-
responding to speech. It is often found de-
sirable to transmit current of such a wave
form as modulations of a carrier wave of
higher frequency. . In.such case it has been
customary. to obtain the light sensitive record

“from the modulated carrier wave in two steps.

The carrier wave is first demodulated to pro-

 duet current of wave form identical with
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that of the modulating wave form which cur-

rent is then used to operate an electromag--

netic device or light valve to produce the
light record. o

An object of this invention is to accom-
plish both these steps in.the light valve by

‘means of a novel adjustment thereof..

"This object may be attained by providing

“'in combination with a light source, a light
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valve comprising a pair of electrical conduc-
tors arranged in planes at right angles to a
magnetic field so as to define under eertain
circumstances an aperture through .which
light is transmitted. Electrical waves of

" varying amplitude are supplied to the con-
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.-ductors to canuse movement thereof relatively
‘to each other. The separate conductors are

. arranged in adjacent planes so that each con-
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ductor may move independently oi the other.
The conductors are so adjusted that when
the electrical waves aré of zero amplitude the
slot is just closed and no light can pass.. Con-
sequently, the light which is allowed to pass

" is proportional to the envelope 6f the waves

.of varying amplitude.

The novel features Which are considered

“characteristic of this invention are set forth

with particularity in the appended “claims.
The invention both ag to its organization and
method of operation together with other ob-
jects and advantages thereof will be. under-

stood from the following description hav-
ing reference to the accompanying drawing
consisting of the following figures.

Fig. 1 is a diagrammatic showing of an
arrangement for modulating carrier waves in
accordance with the tone values of elemental
areas of a transparency of a picture to be
transmitted by electricity.

TFig. 2 is a diagrammatic showing of an ar-
rangement for transmitting telegraph sig-
nals by means of carrier waves. .

Fig. 8 is a diagrammatic showing of a light
record producing arrangement for use with
either Fig. 1 or Fig. 2. . »

Fig. 4 1s a cross section of the optical sys-
tem of Fig. 3 on a plane at right angles to
the paper. = T )

Referring now to Fig. 1, a modulator M
is supplied with carrier waves from a source

C and with picture current from a photoelec- -

tric.cell P and picture amplifier PA. Modu-
lated carrier waves from the modulated M
are impressed upon the transmission line
L. ‘The phetoelectric cell P is located within
a transparent drum 5 which is driven in any

_suitable manner by shaft 6. Mounted on the
“drum 5 is a transparency of the picture to be
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transmitted. Light from a source 7. is fo-'

cussed by means of lens 8 upon the trans-

parency of the picture through an aperture:

in a-screen 9. The intensity of the light af-
fecting the photoelectric cell P'is determined
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by the tone value or density of the elemental -

“area of the transparency of the picture which

is, at any instant, adjacent to the aperture
in the screen 9 at the focal point of the light
beam.  The intensity of the light within the
photo-electric cell P in turn determines the
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amount of current flowing from the battery

10.through the photoelectric cell P and re-:-

sistance 11 and consequently the potential
drop through the resistance 11 which poten-

tial is impressed upon the input circuit of .

the picture amplifier PA. The amplified
icture current is impressed upon the modu-
ator M by resistance 12 simultaneously with

carrier current from the source C by trans-
. former 13. Modulated carrier waves from
the modulator M are then impressed upon

the line I by means of transformer 14.
Another arrangement for impressing car-
rier waves modulated in accordance with sig-
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nals upon the line L is shown in Fig, 2. Car- -

rier waves from the source C are impressed
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upon -the input circuit of amplifier A by
means of transformer 18. Amplified carrier
waves in the output circuit of amplifier A
are then impressed upon the line I by means
of transformer 14. The input circuit of am-
plifier A may be short circuited by means of

" key 15 to interrupt the transmission of car-
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rier waves to the line L. Consequently, by
manipulating key 15 in accordance with a
message code, impulses of carrier waves may
be impressed upon the line L corresponding
to said code.

A receiving arrangement is shown in Fig.
8. Modulated carrier waves from the line
L are amplified in the amplifier CA and
impressed by means of transformer 16 on the
conductors 17, 18 of light valve V. The
general features of light valve V are identi-
cal with the light valve described in appli-
cant’s Patent No. 1,638,555, supra. The ar-
rangemient of the conducting wires is specifi-

- cally different as will be explained herein-
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after. -

Referring to Fig. 4, it is seen that the con-
ductors 17, 18 according to the preferred ar-
rangement of the present invention .are
mounted in adjacent planes so that they may
move independently of one another. Un-
der “no-current” conditions they are so ad-
justed that the light passage from the light
source 20 to the recording blank 21 is just
closed by the conductors 17, 18. By “no-
current” condition is meant broadly the con-
dition when the amplitudé of the carrier
wave is zero. It is not necessarily the condi-
tion when no current is flowing in the mov-
able conductors of the light valve. Light

. from the source 20 is directed by means of
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lens 22 upon the conductors 17, 18. The
source 20 is so arranged with respect to the
lens 22 and conductors 17, 18 that the condue-
tors are intensely and uniformly illuminated
over a surface at least as wide, 1n a direction
transverse to the conductors, as the maxi-
mum opening of the valve, that is, the maxi-
mum separation of the conductors 17, 18
and sufficiently wide in the direction of the
conductors 17, 18 to expose the width of the
trace on the record blank 21 in the direction
of rotation. The width of the trace is de-
termined by the width of the aperture in the

screen 24. An image of the aperture formed

by a small section of the conductors 17, 18
is projected upon the light sensitive record
blank 21. The magnetic field within which-
the conductors 17, 18 are mounted is set up

by a coil 25.
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Referring again to Fig. 3, the record blank
91 is mounted on a drum 26 which is driven in
suitable manner by a shaft 27. . L
- With the conductors 17, 18 mounted, as
shown in Fig. 4 so that no light is transmit-
ted when no current is traversing conductors
17, 18, the valve will operate as a demodula-

tor when actuated by modulated carrier

1,686,356

waves. The passage of carrier waves through
conductors 17, 18 will cause the strips to
vibrate and the valve will open to allow

transmission of light for one-half of each

cycle and remain closed during the other half.

If the adjustment is made as just explained
'so that the light is cut off- with the strips in
normal position, the light transmitted dur-
ing each alternate half cycle is directly pro-
portional to the amplitude of motion of the
conductors. If the motion of the conductors
follows the current amplitude the transmit-

ted light impulses follow the envelope of the.

impressed modulated carrier wave. 'As a
result of the movement of the light sensitive

record blank 21, in a direction at right angles

to the conductors 17, 18, that is, in the direc-
tion of their movement, the record is in the
form of a trace of varying brightness cor-
responding to the envelope of the carrier
wave. :

In order to have, the motion of the conduc-
tors follow the instantaneous value of the
current as accurately as possible it is im-
Eortant that the damping of the conductors

e sufficiently large. The frequency of the
modulations that may be recorded by the de-
vice is largely determined by this quantity.

“To make this point clear an example is given
for "the transmission of a 4x5 inch picture

with a carrier wave of 1200 cycles per second
with the equipment-of Figs. 3 and 4.
The valve will transmit 1200 light im-
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pulses per second to the recording blank 21, -

which: may be a photographic film. If the
film is run sufficiently. fast it will after de-
velopment show 1200 dots in the space the
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image traversed in 1 second. If the picture -

is to have one hundred dots per linear inch—
a value which obtains in a good grade of news
paper half tone—the drum runs at a linear
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speed ‘of 12 inches per second. If the drum

is 2 inches in diameter, the revolutions per
second should be 12 divided by 2II. For the
4x5 inch picture 400 revolutions would be
required so that the time required for trans-
mitting this picture would be

400X 2I1=210 seconds or 314 minutes.

With the arrangement so far described 100
dots are recorded per inch but the exposure
given by each light impulse.will not be pro-

110"
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portional to the envelope of the carrier wave - - '

at each instant unless the damping of the
vibrating system has been suitably chosen.
The response to changes in curren} amplitude

120

will be most exact if the: system is made

aperiodie; this- condition, however, means
lower sensitivity ‘and. a damping so _lar%g
is in general not necessary or advisable. .
the amplitude -drops to one tenth of its in-
itial value in going from one dot to thenext
when the current is suddenly interrupted,
satisfactory results will be obtained.. 'Thi

condition would require & damping’ constant
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of 2800 (the damping constant is here de-

fined as the reciprocal of the time required -

_2—711—8 of its

initial value when the impressed force is
removed). This value of damping may be
obtained by shunting the valve with a suitable
resistance. . :
In order to obtain a continuous trace of
varying brightness the drum would need to
run at a much lower linear speed, so that
successive impulses of light would expose
overlapping surfaces. In a modified arrange-
ment the drum is rotated in a direction at
right angles to the movement of the conduc-
tors 17, 18. The speed of rotation could be
the same as that given hereinbefore as an ex-
ample. The record’ with this arrangement
would be in the form of dots having uniform-~
dimensions in the direction of the trace and
lengths at right angles to the trace corre-
sponding to the envelope of the modulated
carrier wave. By slowing down the. speed
of rotation of the recording drum the rec-

for a displacement to drop to

5 ord could be obtained in the form of a con-

~ tinuous line of varying width corresponding
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to the envelope of the modulated carrier
wave. o o
- In the preferred embodiment of the inven-

0 tion the natural frequency of the valve strips

is made the same as the frequency of the car-
rier waves. This is desirable not only because
it increases the sensitivity of the valve but-
also because it reduces the effect of disturb-
ing currents of different frequency which may

find access to the valve under actual operating

conditions. . .

For the transmission of pictures by elec-

- tricity the arrangement of Fig. 1 is combined
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with that of Fig. 8 by connecting the lines L
together. The grum‘s 5 and 26 are driven in
synchronism by any suitable arrangement
such, for example, as that shown in the co-

ending application of M. B. Long, Serial
%’o.- 681,347 filed December 18, 1923. They
not only rotate in synchronisin but are also
moved axially relatively to the shafts.  As

-the drum 5 rotates, carrier éurrent. modu-
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lated in accordance with the varying tone
values of the successive elemental areas of
the picture is transmittd over line L and im-
pressed in amplified form upon the conductors
of light valve V. The movement of these

. conductors relatively to -each other: allows

65
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- 65" originating in the arrangement o

more or less light from the source 20, dépend-
ing upon the amplitude values of the envelope

.of the modulated waves, to affect the ele-

mental areas of the ligﬁt sensitive record
blank 21 on the drum 28. It is thus evident
that the reproduction of the picture from the
modulated carrier waves is effected in a sin-
gle step by means of the light valve V. and
its_associated optical apparatus.

For the reception of telegraghﬁ mgnals ‘

Fig. 2 by

‘the direct connection of the light valve to the

alternating currents are supplied directly to

sa
‘ve

by said conductor and opened only during one .
direction of movement thereof, means to sup-:

'8

means of the arrangement of Fig. 3, no syn--
chronizing apparatus is required. The 1m-
pulses of carrier current corresponding to
the message code are transmitted over the
line I and cause an intelligible light record.
on record blank 21 providing that drum 26 is °
rotated at a uniform speed. SRR
An important feature of this invention is
the transformer coupling between the am-
plifier CA and the light valve V.- In any ¥
practical recording or reproducing system
amplification is essential and the necessary
amplification is best accomplished by the use
of electron discharge devices: In systems
of this kind heretofore known, this required 80.
electron discharge device, as exemplified in
the copending application of M. B. . Long, -
supra. Since the light valve V has an im-. "
pedance of only a few ohms, while the dis- 85
charge. device has an impedance of several .
thousand ohms, such direct connection'is nec--
essarily inefficient and necessitates ‘a. large
amount of amplification. By this invention

the light valve and an efficient coupling trans-
former 16 is used between the electron dis-
charge amplifier CA. and the light valve V.
The ‘transformer 16 .is a ste: %oWn trans-’
former and-matches: the high output im-
pedance of the amplifier CA to the low im-
pedance of the valve V. S
‘Two embodiments‘ of the invention have

“been specifically described. The scope of the .

invention, however, is not so limited, but is
defined by the appended claims. o

What is claimed is: .

1. An electro-optical system comprising a
passage through which light is transmitted, a
source of modulated carrier waves, and vi-
brating means comprising two members mov- -
able in separated but parallel planes to vary
the amount of light passing through said pas- . -
%e in accordance with only half of the en-

ope of the amplitudes of said modulated
waves. S S ' .
2. Inalight recording system, a light valve
comprising a movable conductor located in &
magnetic field, a light passagé normally closed
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gly electric current of varying amplitude and
irection to said conductor to cause rmovement

thereof, and means to obtain a record of theii’im P

amount of light allowed to pass through said:
passage. . 0L U TR
; 8. In an optical arrangement, a light valve
comprising a movable conductor located in a- -
magnetic field, a light passage normally ' -
closed by said conductor and only opened 125
during one direction of movement of said con-
ductor, a source of light for said passage, and:.
means to supply electric current of varying
olarity to said conductor to cause movement
thereof  whereby light is allowed to pass 1%

90 .
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through said passage when current of one.

. polarity only is passing through said con-

ductor. - - 7
4. In an electro-optical system, a directed
beam of light, an aperture on which said

-beam is focussed, an electrically controlled

movable screen comprising a_conductor. lo-
cated in a magnetic field normally closing sald

. .aperture, a source of modulated carrier
- 10.

waves, and means for moving said screen by
passing current from said source through said
conductor whereby the amount of light trav-
ersing said aperture varies in accordance with
the envelope of the amplitudes of the carrier
waves from said source. ‘

5. In a system for the transmission of pic-
tures by electricity, a source of carrier waves,
means to modulate carrier waves from said
source in accordance with the tone values of
the elemental areas of the picture to be trans-
mitted, an electromagnetic light valve com-

. prising a movable conductor located in a mag-
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netic field actuated by varying current in said
conductor corresponding to modulated carrier
waves from said modulating means, a source
of light for said light valve, and a light sensi-
tive record blank exposed to light from said
source under the control of said light valve
for reproducing the picture.

6. In a system for the transmission of pic-
tures by electricity, a source of carrier waves,
a source of picture cufrent comprising a
photoelectric cell and a movable element for
effecting changes in said cell in accordance
with the tone values of the elemental areas of
the picture, a modulating device whereby car-

rier waves from said source of carrier waves
are modulated by picture currents from said

picture current source, an electromagnetic

light valve comprising a movable conductor
located in a magnetic field actuated by vary-.

- ing current in said conductor. corresponding

to modulated carrier waves from said modu-
lator, a source of light, and a second movable
element for effecting the reproduction of the

- picture by means of light from said source
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_ & transformer for efficiently coupling said-
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. controlled by said light valve.

7. In an’ electro-optical system, a light

-valve having movable conducting- members,

defining a variable aperture, means to trans-
mit light through said aperture, a light sensi-
tive recording blank exposed to said transmit-

ted -light, a source of alternating. current

modulated in accordance with a record to be
reproduced, an electron discharge amplifier
for amplifying current from said source and

amplifier to the conducting members of said

- -light valve. -
60

8. In an electro-optical recording
light valve having two movable mem
fining a variable aperture, a source of light,
a lens for forming an image of said source
of light in the plane of said siperture, a lens

A

-for forming an imags of said aperture upon

-a light

m, &
ers de-’
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sensitive record blank, and means to
vary said aperture in accordance with im-
pulses of one polarity only of an alternating
current wave. : s
9. Inan electro-optical system, a light valv
having an aperture therein, a source for di-
recting a beam of light upon said aperture, a
movable conductor normally closing said ap-

erture, and means for generating and. trans-

mitting through said movable conductor an .

70
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alternating current, said conductor vibrating -
in response to said current in such a manner -

that the aperture is opened only while said

current is flowing in a given direction.

10. In an optical system, a light valve hav-
ing an aperture therein, a source for directing
a beam of light upon ssid aperture, a mov-
able conducter normsaily closing said aper-
ture, a source of alternating eurrent, means
to modulate said current in accordance with

-80.
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the characteristics of a picture, and means for-

applying the modulated current to said con-
ductor, said conductor responding to said cur-
rent in such a manner that the aperture is
opened only while current is flowing in a cer-

tain direction. .

11. In an optical system, a light valve hav-
ing an aperture therein for the passage of
light, a screen normally closing said aperture
and comprising two separate elements ar-
ranged to vibrate toward and away from each
other, a source of alternating current; and
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means responsive to said current for cansing

said elements to vibrate such that when the
current is of onc polarity said elements are
separated to open the aperture and when the
current is of the opposite polarity the ele-
ments are brought together to maintain the
aperture closed. - _

12. An electro-optical system comprising
a passage through which light is transmitted,
a source of .modulated carrier waves, and

vibrating means comprising two members

movable in separated but parallel planes to
vary the amount of light passing through said
passage in accordance with the envelope 6f

- the amplitudes of said modulated waves.

13. In an optical system, a light passage,

a source for supplying light to said passage, .

a movable screen controlling the amount of
light passinig through said passage from said

source, means for observing the amount of

light allowed to pass through said passage;
means to supply alternating electric’ current
to move said screen to vary the amount of
light passing through said passage and to
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cut off-substantially all light during a portion

of each cycle of the alternating current, and
means to cause relative movement between:

the observing means and the light passage at

such a rate that discrete portions of the ob-

serving means are acted upon by the light

125

passing through said passage during succes-

sive cycles of the alternating current.
14: The method of transmitting a picture,

* . U m
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~cessive picture elements, applying these cur-

which consists in sending current impuls
corresponding to the degree of shade of su

rent impulses to operate a light valve, and
moving a sensitive film at a definite rate with
respect to the rate of operation of said light
valve to produce on said film discrete half-
tone dots in area corresponding to the mag-
nitude of the respective current impulses,

1,686,856 .-

15. In combination, means to generate cur--

light vaive, and means to move a sensitive
film under said light valve at such a speed

.that its openings will record discrete half-

tone dots to make the received picture. -

In witness whereof, I hereunto subscribe

my name this 14th day of March, A. D., 1924.
EDWARD C. WENTE.

_‘"'_": dmg to the dééree of kR
: f successive elements of a picture,
means t6 apply said currents to operate a-

15



