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ALVA B. CLARK, OF BROOKLYN, NEW YORK; HARRY NYQUIST, OF MILLBURN, NEW
JERSEY; AND DANFORTH K. GANNHETT, CF JACEKSCON HEIGHETS, NEW "YORK, AS-
SIGNORS TO AMERICAN TELEYHONE AND TELEGRAPH COMPANY, A CORFORATION

OF NEW YORK.

'_ELECTRICAL PICTURE-TRANSMITTING SYSTEM.

- Application filed June 6, 1925. Serial No. 25,328.

An object of our invention is to provide
a new and improved system for electro-op-
tically transmitting images of pictures and
other objects which is adapted to give a well
defined image or picture at the receiving
end corresponding -closély in its tone values
to the picture or object from which trans-
mission is made at the sending end.. Another
object of our invention is to provide such a
system with the transmitted current con-
trolled as such a function of the light of the
successive elements of the picture or object,
that incidental changes in the transmission
equivalent value of the line wiil be of neg_lif
gible effect. Still another object of our in-
vention is to provide against any blurring of

- the received image or picture due to trans-

20

mission of the different component frequen-
cies of the current at different rates of speed.
These and various other objects of our in-
vention will become apparent on considera-
tion of a limited number of specific examples

-of practice in accordance with the principle

25

30

of-the invention -which we have chosen to
discloge in the following specification, taken
with. the sccompanying drawings. - It will
be understood that the foliowing description
relates, more particularly to these examples
of the practice of the invention and that the
invention will be defined in the. appended
claims. D
Referring to the drawings, Figure 1 isa
curve sheet showing a line current as a func-

- tlon of picture density in several different

35
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relations that will be: discussed hereinafter;
Fig. 2 is a symbolic diagram of a transmit-
ting systemembodying ‘our invention in a
certain form ; Fig. 8 is a detail diagram show-
ing symbols for a vacuum tube valve; Fig.
4 is a diagram of a modification as compared
with Fig. 2; Fig. 5 is.a disgram for a trans-

mitting station embodying a further modi-

fied embodiment of our.invention; Fig. 6 is
a diagram for the receiving station corre-
sponding to the transmitting station of Fig.

5:Fi9.7 is a diagram of a complete system.
i} S o iy

embodying still anothrer modification; Figs.
8 and 9 are diagrams of certain light orifices
disclosed in Fig. 7 and Fig. 10 1s a diagram
of & complete system embodying an attenua-
‘tion equalizer and. a phase equalizer.
In the transmission of pictures by elec-

“spot of the film as comj

tricity it is a well known practice to cause
an electric current to vary in accordance
with the light values of successive élemental
areas of the picture to be transmitted. This
current or a current corresponding thereto is
transmitted from the sending station to the
recelving station and it may be applied at
the recelving station to control the applica-
tion of a light to the successive elements of
a sensitive surface so as to develop in that
surface shades corresponding to the picture
from which the transmission is made.

In the transmission of such electric cur-
rents it may happen that the transmission
equivalent value of the system will change
irregularly from time to time. Such changes
oceur in long distance telephony but are Lit-
tle noticed because to the person at the re-
ceiving end they are noticed merely as mod-
erate changes in volume of sound. But in
a picture transmission system such changes
are rather serious because they cause the
received picture to exhibit differences of
shading, usually in ‘a somewhat streaked
manner and quite obviously not natural to
the picture as it is intended. o

Referring to Fig. 1, this is a logarithmic
diagram exhibiting line current in various
tunctional relations to picture density. The
scale of picture density in Tig. 1 is a per-
centage scale and we define the picture den-

sity of a small elemental area of the picture

expressed in per cént t6 be 100 minus the per-
centage of transmission of light through that
transparency at that spot.

Assume that the picture density for a pic-
ture to be transmitted varies over the range
from m to n, corresponding to the lightest
and darkest portions.of the picture respec-
tively. The range from m to » corresponds to
about 14 TU (transmission units, defined by
the equation Nyy=20 log,, 4,/4, where 7, and
¢, are direct measures of the.intensity at the
two - places compared). In the case of the
linear relation shown by the curve A, the cor-
responding variation of the line current will
be from ¢ to f. The equation of curve A is
1=0.02d. Now, assume that the attenuation
on the line is suddenly reduced by the con-
veniently assumed arbitrary amount 2.9 TU;
this will increase the received line current

pared’ with complete
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from g to g’ and from f to /” and will cause a
corresponding increase in the film density at
the receiving end’ from m to m, and from n
to n.. The ef‘fect of this change on shades-in
the neighborhood of 7 is much more severe
than on \ shades in the neighborhood of m. It
will-readily: be seen th‘lt the change from n
to m, goes nearly halfway to 100 per cent
picture density, whereas the change from m

to m, goes only a small fraction. of the way.

to 100 per cent picture density. The change
at the upper part of the picture density range
will seem very pronounced to the eye of an
observer, while the change at the lower part

‘of' that range will be mud1 less noticeabls,

for the reason that the eye is sensitive to the
amountof light reflected to it from the surface
of'the plcture rather than the amount of light
absorbed by the picture.

“Curve B shows the relation such tnt thie
line current is the square of the value of the
picture density; its’ equauov 18 2=0.00042.
In this case a'range of’ dPUSlLY from m ton
will correspond to a rangein line current from
hto f, which is twice as great a range of line
current as compared with curve A, when ex-
pressed in’ transmission -units. The same
change in transmission as W“LS considered for
curve A, ,namely a reduction of attenuation by
2.9 TU, produces a change in the line curres
from the range A, f to “he range A" f anl
changes the picture density flom the range
m, % to My, 7. 1t will be noticed that

this case the range of picture density is s h)it-
éd only half as far as was the case f01 curve
A, Thus, the use of the square relation of
curve Brinstead of the linear relation of cur“
A for line current as a function of plc tur
density leads to the result that changes of at—
tenuation.on the line produce only half as
great changes in picture density. It is ob-
vious ‘that. thhCl powers than the second

- power would cause cou’espondmn further in-

(iU
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‘density of the received picture.
will be seen that the change from the curve A

CAat

crease in the range of line current requmod

and a Cmrespondmo decrease in the ef” set of
a. transmission ‘change in’the circuit on the
However, 1t

to the curve B has not equalized the effect of
a transmission change in the light a Ld dark
pfu‘ts of the pmtme, since the rﬂho of mb to
m-is the same as of n, to 7.

‘Wow, consider the cugve C, which is-an
e*’ponent*al curve drawn to 1ntelsect curve
the points corresponding to the abscissas
m-and n; its equation is 4=0.184 (1.041)°
In this case the'same assumed change in trans-

mission, namely a decrease of attenuation by

2.9 TU increases the picture density from the
range'm; n to the range m,, n.. ~This is a less

“changeat the upper end of the range than be-

fore, ‘decidedly less than for curve A, al-

thouglvit issomewhat greater at the lower end

of fhe range than before s However, as has
been pomted out: the change at the lower end

1,69-1,147

of the range is much less serious than at the -

upper end “of the range, so that-on the whole
the curve C gives a further improvement over
the curves A and B.

The fourth curve D is-another: exponent 1l
curve drawn to intersect the curve B.at the
points corresponding to the-: ab‘smgsa‘s m-and
7; its equantlod is 1=0.179 (1 084)“
uwvmo this relation of line current to picture
c'ensw r weould require ag great a pow vel ra nge

T

on the line as required by ; the curve B.  The

assumed transmission change of 2.9 FU de--

crease of attentuation couses only a small
change from 7 to ng; and at the-lower end the
change is nom ‘m to.mg much less than for
the cuue C and ne arly as smallias for the
curve A. -The shift at both ‘thé light-and the
dark e'nds of the picture density range is lii-
tle morethan haU: as much for curve D as-for
curve C.

Referring to Flo 9, this 111uswates a: sys-
tem for practlsmcr the 1‘elat10nqmp shown by
curve Biin Fig. 1. S, is a picture transmit-
ting eqmpment which' applies-to the-line ex-
tendmﬂ therefrom an - electromotive - force
varying in magnitude according -to-the shade

of Successive elements of area of 2 picture to.

70

A system
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be transmitted ; that is, the darker the picture -

element the. meuteL the electromotive force.
The current due t to this electromotive force is
a modulated carrier current and fromi the ap-
paratus S it goes to the oppos1tely co‘nﬂecbcd
valves D1 and D,.
represented by a simple symbol here and else-
where in the drawings and as shown at-27 in

Fig. 8; with inore detul such a valveis shown :

in the upper part of Fig. 3. It consists of a
plate 22 and ahot ca athode 24 in a‘yacuous con-
tainer 23. The cathode 24 isin the form ofa
filament kept hot by current frem the hattery
95. This device is a-valve or rectifier between
the terminals 21 and 26, permitting current

to flow . only in the conventional “direetion

from 21 to 26. Since the two valves D and

D, are oppositely connected in Fig. 2;they

permit-both half waves of- curren to 1Jaos
It is a well known propert‘/ of a properiy
designed thermionic valve such asthat shown
in PJO‘ 3; that for magnitudes of current in
the effecmve dlrec‘cmn, the: output current
varies appr 0X1m‘1telv as-the:square-of the in-
put electromotive force. - Hence, the electro-
motive force across the low resistance 7 varies

as the square of the electromotive foree-otit-

put from the apparatus-3,. - This electrome-
tive force across 7 is applied to the gridiof ”10

amplifier A and determines'the ma gmtudo of-

the current put on the line L. The result:is
that the current on the line varies as the-square

of the electromotive force fromthe apy paratus
S,, that is, the current on thie line varies-as
the square of the picture density within the

Each of these valves is

100
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apparatus S,, which determines the output -

electromotive force therefrom.
‘At the receiving end theline current goes

180



10

720

3y

40

45

-60.

5 ing end.

1,601,147

to ah"ampliﬁé_flA’ and thence through a high

resistance 'R ‘and across the two' opposite
valves in parallel ¢, and C,: Since the cur-
rent through these valves varies as the square
of the electromotive force across them it fol-
lows that the electromotive force applied to
the input ‘of the amplifier A’ varies as the
square root of the currentthrough the resist-
ance R.“Thus, the inverse relation is estab-
lished at the input of the receiving apparatus
Sy, 80 that the current to the receiving appa-
ratus S, varies lirearly with the-output elec-

-tromotive force from the sending apparatus
S,, although the current on the line varies as - .
sion,

the square of the electromotive force at the
sending end and the current at S, at the re-
celving end-of the line. ~ Thus, the apparatus

of Fig. 2 operates according to the character-

istic B of Fig. 1-and realizes the advantages
discussed ini connection therewith. o
Fig. 4 illustrates how 4 higher power than
the square may be involved in practice; It
will readily be seen that in Tig. 4 two tandem
setsof valves D, D, are employed at the send-
Thus. the current on the line corre-
sponds to a fourth power instead of the square
as in'Fig. 2. At the receiving end in Fig. 4

two sets of shunt valves C,; C, are employed,

thus giving two tandem square Toot opera-
tions, so that.thé input current for the receiv-
ing apparatus S; varies as the fourth root of
the current on the line but varies linearly with
the output electromotive force from the send-
ing apparatus:S;; - U
~In Figs. 5 and 6 we have shown 'how anex-
ponential relation“such as that of curve C

or D may be realized. Suchan exponential -

relation can be expressed by a convergent se-
ries, thus, Rt e T T T

'1'1-7 Ny R
st B,

where % is a suitably chosen constant. - In the
apparatus of Fig. 5, there are elements cor-
responding in function to the respective terms
of such:a series. Light from the source 31 in
Fig. 51s concentrated by-the lens 32 oni a spot.
of the moving film 83. - Part of this light is
transmitted, depending on " the degree of

- transparency of the film at the spot involved.

The transmitted light enters the photoelectric
cell 34 and determines -the magnitude of the
current due to the electromotive force of the

battery 85. . This current through the rosist-
. 1) .

ance 36 produces a corresponding compénent

of input electromotive force {o the two-stage
amplifier A, arranged so that its output cur-
rent is ,
This output current determines the mput volt-
age applied to the two-way valve D,, and ac-
cordingly its output current varies as’ the
square of picture density.: " This current goes
through the adjustable resistance R; and de-

~ termines the electromotivée force to another

tivo-stage amplifier A;, and so on ‘through™

proportional to film density at 3. -

3

two-way valve D, and resistance R,, and then -

way valve D;-and resistance R,. -

1t will be seen that multiple taps go to mod-
ulator M through resistances R;, R,, R, and
R, froni‘each stage of the apparatus hereto-

a third set of two-stage amplifier A, two-

fore described. Each tap by suitable adjust--

ment - contributes ‘to-modulator M-a compo-
nent of input corresponding to a respective
term of the foregoing convergent series, and
hence the input to modulator M is the desired
exponential function of the picture density
at83. oo v T

At the receiving end, we rely on the expan-

log oy = (ey—1) ~ 1 (ey— 1)+
g(cy—l)s— “ee

where 2>¢y>0.  The quantity ¢y—1 is ob-
tained in'the first amplifier A, by arrang-
ing . the circuit to add to the voltage of
the amplified received line current ¢y, a por-
tion oi the direct current voltage in the
plate. circuit representing unity. The in-
put transformer of this amplifier must be
properly poled to give the desired algebraic
signs to the terms. The remaining amplifiers
A and Ay should each be single-stage and

arranged to alternate the sions as in the fore-
o ! - (=T

going series. . The various components are
assembled through the respective resistances
R0 R,,, Ry, and R,, and thus a current is
applied to light valve 40 which is a logarith-
mic function (that is an inverse exponential

tunction) of the line current; hence the light .

valve cyrrent at the receiving end is propor-
tional to the photoelectric cell current at the
sending end. The light valve 40 determines
the quantity of light from source 41 to an
elemental area of sensitive film 42 which is
moved in synchronism with the sending film
33. The medns for accomplishing this syn-
chronism may be of well known construction
and mode of operation, one preferred mathod
1s that disclosed in British Patent 2492.694,
granted .to Western Electric Company, In-
corporated, August 8, 1924. - R

-In Fig. 7 we have. shown a modified sys-
tem which may readily be adapted to give any
desired functional relation between the light
value in the picture elements and the current
on the line. At the sending end, light -from
the source 50 is directed by the lens 49 through
a small spot of the moving film 51. The light
transmitted through the film enters the photo-
electric ceil 52 and detérminés the current,

therethrough and accordingly determines the

A

electromotive force to the amplifier 53.
corresponding output current from the am-

plifier 53 goes through the moving conductors

carrying the oscillograph mirror 54. Accord-
ingly, this mirror oscillates with an amplitude
determined by the magnitude of the current,

-3
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" the path of the light to the photoelectric cell
52 ' '

15

4

which in turn.corresponds to the degree.of
shade in the spot of thefilm 51 that.lies across

The: mirror 54 receives: light  from: the
source 50 through the lens 55 and reflects-this
light: through .an :opening in .the screen.-56

(see:also-Fig.8). and:thence through-a lens

to the:photoelectric cell 57. The light in:the
cell: 57 determines the. input:. électromotive
force for-the amplifier 58 and.the correspond-
ing output current therefrom goes-to a modu-

lator 59 and modulates a carrier current.thata

is put-on theline. - =~
At the receiving end, the received currents

- go through an amplifier 60 and thence to a

20

light valve 63. -This light. valve is-a ribbon
of metal carrying the received current in a
strong magnetic field so that the ribbon de-
flects in accordance with the magnitude of
the current. Before this ribbon is an open-
ing in a screen as shown in Fig.'9, and this

“opening is uncovered by the deflection of the

ribbon due to the received current. Light

from the source 61 is directed by the lenses

62 and .64 through the light valve 63-and on

- a sensitive receiving film65; which is moved

30

40
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in" synchronism “with the sending film 51.
Synchronizing means may be of any.suitable

well known-kind such-as disclosed in British .
Patent 242,694 referred to hereinabove.
"By giving the proper shape to the opening.

in the screen 56 at the sending end, as shown
in Fig. 8, the modulating current can be-made

to have any desired singlé-valued: functional

relation to the picture density. The shape
shown corresponds to curve C, Fig. 1. "Thus,
any one of the -four functional relations
shown in Fig. 1.can be obtained and evidently
other such functional relations would be

“equally possible by giving the proper shape to

the opening in the screen 56.

‘Atfthenreceivingend,'thevshapelof the open-
ing uncovered by ‘the light. valve 63 will be

: such as to_give the inverse relation as com-

pared with that at the sending end so that

the light to the sensitive receiving film will:

be a lingar function of the picture density.in

the sending’ film. “Fig. 9 illustrates such an

opening so designéd as to restore linearity

when the sending end is-equipped with. the
_clot of Fig. 8. '

“In the disclosures of:examples of our in-
vention that have. gone heretofore. in ‘this
specification it has been tacitly assumed that
transtission on. the line was distortionless
so that whatever transformation . was made
at the sending end to make the current.on the
line a non-linear function of picture density,

‘the Inverse. transformation.at the receiving

end would restore.the.linear relation. In
many cases the line will.introduce some.dis-
tortion, and to some extent correction may be
made for this by adjustment. at the receiving
end. For example, in Fig. 6:some correction

1,601,147

for.distortion on.the line.may. be effected. by -

adjustment -of the. resistances, such.as-R,
R,, etc. . However, ‘in. certain -cases .other
measures' may.be-resorted to in-order.ta cor-
rect or .compensate -for:line distortion.

-In Fig. 10-we have shown a symbolic.dia-
gram of a system comprising picture.sending
apparatus S,, whence the current.correspond-

ing to picture:density, goes:to-a “nonzlinear

device”-which effects the:desired transforma-:

tion.in.the:eurrent before putting it on-the
line. -This.non-linear.device may be such-as
shown in any one of Figs. 2,4,5.0e7. . -

.The line in Fig..10-may: be assumed. to be a
loaded cable circuit with repeaters. at proper
intervals.. At the receiving end the current
goes first.to. an attenuation equalizer. such-as

diselosedr.in. British: Patent. 242,694 referred.

to-hereinabove-and:thento a phase equalizer
such as disclosed..in  Patent. 1,675460.1ssued

70

5

80

85

to H. Nyquist- July 38,1928, . The linewwill'at-

tenuate the component currents. of. different
frequency in different degree andithe attenua-
tion--equalizer will further attenuate these
components .in. different. degree. to compen-
sate so that the output from:the attenuation
equalizer will have all.its components-of.dif-
ferent frequency: attenuated:in the same de-
gree, . Sl e

- From the attenuation equalizer the picture
transmitting ccurrent next-goes.to-the phase
equalizer. -The loaded cable circuit.will. re-
tard components of different frequencies by

different amounts, thus altering -the wave’

form from:that at the transmitting end.’ The

20

60

phase-equalizer: will further retard: the.dif- -

ferent components of various frequencies by.

different . amounts,: but:.so-that the. over-all
phase retardation is equalized; that-is, the
delay in time of .transmission over the line
and through the phase-equalizer-will be the
same for all frequencies which are of interest.
Stated otherwise; the over:allphase: shift:in
angular measure-will:be. proportional to.the
frequency. ' R

Thus, the current-at the receiving end; after
passing throughithe attenuationequalizer and

the phase equalizer,:will:have the same-wave -
form-as the:output from:the non-linear:de-
vice at the-sending end: :This current:will k

then. go toan:amplifier: A, then: through:an

“inverse non‘linear device”; andiithen to the.

picture receiving-apparatus:S;.. :

It will-be moted: that-each . of the'}'syste'm"s‘i
heretofore disclosed.confers advantages: with:
respect. to'sensitivity.to variationsimn attenua-

tion from time to time on-theline,butiat the
expense-of:some-other factor. - In:the case:of
the power-curves, such as illustrated by:B in

Fig. 1; the sensitivity .to.noise and:echoes:is:

inereased. © On ac¢count of the -widerrange in

value:of-line:current required: for transmis-:

110

128

sion,the sameds true of the system represented:

by.the curve D for both: Bcand D theiline
current' ranges. from 4 to.f,ias shown on.the:

130
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scale of ordinates on Fig. 1.  Curve C does
not have this disadvantage but does have the
disadvantage, like curve D, of introducing a
distortion 1n the contrasts of the picture in
the case of all transmission changes except
those that are comparatively small, All of
these systems require a more nearly distor-"
tionless transmission line. The frequency
range is increased considerably and the ne-
cessity for nearly uniform delay in transmis-
sion of the various components at different
frequencies is increased accordingly. - How-
ever, as shown in Fig. 10, the uniform delay

- can be secured, if necessary, by the introduc-

tion of a phase equalizer.
“We.claim: o
1. In:the transmission of pictures.by elec-
tric currents, the method which consists in
sending currents varied in a non-linear rela-*
tion to the light values of the successive ele-
ments of the picture to be transmitted, and
at the receiving end exposing corresponding
elements of a sensitive surface to light varied:
in inverse non-linear relation to the received
current. . - R S :
2. In the transmission of pictures by elec-

~tric_currents, the method which consists in

30

40

sending currents. dependent on the light
values .of successive elements of the picture

to be.transmitted, continuously varying said
“currents in a manner advantageous for frans-

mission, at the receiving end exposing corre-
sponding elements of a sensitive surface to
light dependent in value on said currents as
received, and continuously varying said light
in a manner advantageous for recording the
picture in proper degree of shade. ,

3. In the transmission of pictures by elec-
tric_currents, the method. which consists in
cending: currents whose rate of increase with
picture density is greater at large values of
picture density than small values, and at the
receiving end exposing a sensitive surface to
light varied in inverse relation to the said cur-
rents.. . . - o

4. In combination in an electrical system

for transmitting images of pictures or other
“objects, means at the sending end to vary the

transmitted current as a non-linear function
of the licht values of the suceéssive elements
of the picture or other object, a line to carry
the- said current to the receiving end, and
means at the receiving end to vary the expo-

~sure of a receiving element in inverse rela-

55.

60

65

tion to the received current. ~ . - |

5. In combination in an electrical system
for transmitting images of pictures or other
objects, means at the transmitting end to
vary the transmitted current as a function of
light values of successive elements of the pic-
ture or other object whose image is to be
transmitted, and means at the receiving end

to compensate the current for phase distor-

tion in transmission and to expose corre-

sponding elements of a receiving medium to

S

light varied as a function of the compensated
current. :
6. The method of electro-optical transmis-
sion which consists in producing electrical
currents- whose instantaneous values vary in
accordance with the light tone values of suc-
cessive elements of a picture or other object
whose image is to be transmitted, employing
said currents in producing electrical current
whose instantaneous values are a non-linear
function of the light tone values of successive
elements of the picture or other object whose
image is.to be transmitted, and sending cor-

-responding non-linear currents over a line

and applying them at the receiving end to
control the degree of exposure of correspond-
ing successive elements of a receiving me-
dium. :

7. The method of transmitting electric cur-
rents and thereby producing images of pic-
tures or other objects which comprises pro-
ducing electrical currents varying in accord-
ance with the light tone values of successive
elements of a picture or other ebjects to be
transmitted, employing these currents to pro-
duce currents having a non-linear function of
said light tone values, transmitting them to
the receiving end and applying them to con-
trol the exposure of corresponding elements
of a picture or image receiving mediunz.

8. Themethod of transmitting electric cur-
rent and thereby producing images of pic-
tures or other objects which comprises gener-
ating an electric current corresponding to the
light tone values of the successive elements
of a picture or other object whose image is
to be transmitted, sending this current over
a line, compensating the received current for
phase distortion, and applying the compen-
sated current to control the production. of
an image of said picture or other object.

9. The method of picture transmission
which consists in varying an electric current
as & function of picture density, causing the
current to vary over a wider range of ratio
values than the variation of picture density,
transmitting this current and at the receiving
end applying it to control the exposure of a
sensitive recelving surface. - »

10. The method of transmitting electrical
current and thereby producing images of pic-
tures or other objects which comprises vary-
ing an electric current as a function of the
light tones.of the picture or other object,
causing the current to vary over a wider
range of ratio values than the variation of

the light tones of the picture or other object,

transmitting this current, compensating the
received current for phase distortion at the
receiving end, and applying the compensated
current to control the exposure of an image
receiving medium. ‘ ‘ .
11. Tn an electro-optical transmission sys-
tem, an object whose image is to be transmit-
ted, means for producing a photoelectric cur-
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rent 'whose - variations' in' intensity bear a
linear relation to the light tone values of suc-
cessive elements of the object, means for using
said photoelectric current to produce another
photoelectric current. whose variations bear
a-non-linear relation to the light tone values
of the elements of the object, a transmission
line subject to attenuation changes, means for
amplifying and applying said second men-
tioned *photoelectric current to said line,
means for Treceiving the transmitting cur-
rent, means for utilizing said received cur-
rent to produce a light beam whose variations

in intensity vary inversely and non-linearly

as regards the received current, and means
for causing the variations in the intensity
of the said light béam to produce an image
of the object. , o

12.. The combination of a source of light,
means for preducing fluctuationsin a beam of
light from said source, a light sensitive cell
actuated- by said- beam thiereby producing

fluctuating electric current, a second light-

sensitive cell, a second béam of light,an aper-
tured bafile plate in-the path of said second
beam, means for-controlling the current from
said second cell'in acc¢ordance with the in-
tensity of the said fluctuating electric current
and ‘in accordance with the portion of the
area of the opening in said apertured baffle
plate exposed to said sécond béam:

18." In an electro-optical transmission sys-
tem, an object ‘whese image is to be trans-
mitted, means for predicing a photoelectric
current: whose: instantaneous -values -bear-a
linear relation to the light tones of ‘corre-
sponding elements ‘of said object, means for
translating said photoelectric current into a
current whose instantaneous values vary ex-
ponentially ‘as regards- corresponding light
tone values of the elements-of the object, a ve-
ceiving station, means to transmit said sec-
ond mentiongd: current to said receiving sta-
tion, and means at said receiving station for
translating the received ‘current into light
variations which bear a linear relation to
said light tone values of the elements of said
object: : R

' 14. In a system of picture transmission, a
picture ‘to ‘be transmitted, means for produc-
ing currents corresponding in amplitude to
the -variations in density at the picture ele-
ments, a transmission line subject to attenua-
tion changes, means:for varying the ampli-
tudes of said-currents to compensate Tor said

changes prior to the application of said cur-

rents to said line, means for applying said
currents to said lines, a.receiving station,
means at said receiving station to produce a

‘béam of light varying in intensity according

to the received currents, and means for in-
suring that the variations in intensity of said
béam- bear a linear relation to the variations
in density of corresponding ‘elements. of the

‘picture.
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15. In an electro-optical transmission:sys-
tem, a receiving surface; means for exposing
said surface to-a beam of light, an-electro-
magnetic light valve, and a light ‘baflle' for
varying the intensity of the light upon-said
surface exponentially as regards' the degree
of opening of said valve. : _—

16. In an electro-optical transmission sys-
tem, a picture or object whose image is to be
transmitted, means for producing a photo-
electric current which varies non-linearly as

75

regards the variations in the light tone value -

of the elements of the picture or object, a re-
celving station, means for amplifying’ and
transmitting said photoelectric currents -to
said receiving station, an electromagnetic
light valve operated by the amplified cur-

80

rents, a light receiving medium, and a light

“baffle between said valve and ‘said ‘surface

having a light passage of such shape-as to
compensate for the non-linear-relation ‘be-

85

tween the amplified currents and the light

tone values of corresponding elements of the
picture or object. - . =

17. The method of electro-optically - pro-
ducing images by electric energy transmitted

from a distant point which comprises-caus- -

ing energy at the transmitter representing
tone values of the object to change- with
change of light values of the successive ele-
ments of said object at a rate different in one
part of the range of light values than at an-
other, and means at the receiver for compen-
sating for the non-rectilinearity of the rela-
tionship between -said rates of change.' -
18. The method of electro-optically pro-
ducing images by electric energy transmitted
from a distant point which comprises causing
energy at the transmitter representing tone
values of the object to change with change of
light values of ‘the -successive:.elements of
said object at a rate greater at the small
values of light than at the large,-and means
at the receiver for compensating for the non-
rectilinearity of the relationship between said
rates of change. ' '

19. The method of .trahsmitting-'~e1e¢tric»

current and .thereby producing. images-of
pictures or other objects which comprises
sending current varied in a non:linear rela-
tion to the light-values of the successive ele-

‘ments of the picture or other object ‘whose

image is to be transmitted, and at the receiv-
ing end-illuminating corresponding.elements

of a receiving medium by light varied in in-
verse non-linear relation to the received tur--

rent. ' : L :
20. The method: of ‘transmitting electric
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current. and ‘thereby producing  images of

‘pictures or other objects which’ comprises

sending current dependent on the light tone
values of successive elements of the-picture
or other object whose image s to bé' trans-

125

mitted, continuously varying said current in .

a manner advantageous for transmission;:at
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the receiving end exposing corresponding ele- ~ In testimony whereof, we have signed our
ments of a receiving medium to light depend- names to this specification this 2nd day of
ent in value on said current as received, and June, 1925. - '

io
continuously varying said light in a manner

advantageous for producing an image of the ALVA B. CLARK.
picture or other object in proper degree of HARRY NYQUIST.
shade. L

DANFORTH K. GANNETT.



