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UNITED STATES PATENT OFFICE. 
JOHN HAYS HAMMOND, JR, OF GLOUCESTER, MASSACHUSETTS. 

SYSTEM AND METHOD OF TELEVISION. 

Application ?led August 15, 1923. Serial No. 657,502. 

This invention relates to systems and 
methods for the transmission and reception 
by means of electricity, 'magnetism_ or elec 
tromagnetic waves, variations or impulses 
of pictures, photographs, images, reflectlons, 
shadows, patterns or the like, either in black 
and white or in natural colors. For con 
venience in nomenclature these systems and 
methods. may be referred to_here1nafter as 
systems and methods of televlslon. The en 
ergy transmitted from the sending station 
to the receiving station may be conveyed or 
guided by wires, or may be transmltted 
through the other radiantlya _ . / 
Some of the’objects of th1s inventlon are 

to provide an improved system of televlsion; 
to provide an improved method of televi 
sion; to provide in a system of'television an 
improved transmitting system and a_ cor 
responding receiving system; to PI‘OVIdG. a 
svstem of television including a transmls 
sion system‘ and a receiving system con 
trolled thereby through the natural medium 
as, for instance, by radiant energy; to pro 
vide a system and method of .televislon 
whereby an image of a movlng ob]ect at the 
transmitting station may be produced at the 
receiving station in the form of a moving 

‘ picture; to provide a system and method of 
30 

Er m 

vtelevision whereby an image of an object at 
the transmitting station may be produced 
at the receiving station in the natural colors 
of the object; to provide a system and meth 
od of television whereby a plurality of over 
lapping images of an object; as viewed from 
different points at the transmitting statlon 
may be produced at the receiving station in 
the natural colors of the object, and may 
be viewed by an observer at the receiving 
station to produce a stereoptic image of: the 
object in the natural colors of the 0131601); 
‘and to provide other improvements, as will 
appear hereafter. _ ' 

In the accompanying drawings all of the 
?gures are diagrammatic representations of 
systems or parts of systems constructed vin 
accordance with this invention or are dia 
grams explanatory of the operation thereof. 

Figure 1 shows a sending station; Flg. 2 
a receiving station arranged ‘to co-operate 
with the sending station of Fig. 1; Fig. 3 
a modi?ed wave form emitted by the send 
ing station of Fig. 1; Fig. 4 a path of a 
beam “of light during the operationof the 
sending station of Fig. 1; Fig. 5 a modi?ed 

1 

form of operation of the sending station of 
.Fig. 1, arranged to control the path of the 
beam of lightin a manner different from 
that of Fig. 1; Fig. 6 the wave form emitted 
by the modi?ed transmitter shown in Fig. 
5; Fig. 7 the path of the beam of light 
during operation of the system of Fig. 5; 
Fig. 8 a modi?ed form of operation of 
the sending station of Fig. 1 arranged 
to control the path of the beam of 
light by- rotating mirrors or the like; 
Fig. 9 the path of the beam of light in op 
eration of the modified form shown in Fig. 
8; Fig. l0_a modi?ed form of the sending 
station of Fig. 1 arranged to limit the 
amount of light effective to control the emit 
ted energy; Fig. 11 another modi?ed?i’orm 
of the sending- station arranged to control 
the emitted energy according to the light 
re?ected from the parts of the image sue 
cessively; Fig. 12 a modi?ed form of re 
ceiving apparatus employing cathode rays; 
Fig. 13 a modi?ed form of sending station 
for use in transmitting pictures in colors 
and for reproducing stereoscopic images; 
Fig. 14 an enlarged front elevation of a de 
tail of Fig. 13; Fig. 15A1is a modi?cation 
of Fig. 13; Fig. 15B a receiving station ar 
ranged to co-operate with either the sending 
station of Fig. 13 or 15A, Figs. 16 and 17 
represent respectively a radio transmitting 
system and a corresponding radio receiving 
system *which may be substituted for the 
wire connections between the transmitting 
system of Fig. 1 and the receiving-system 
of Fig. 2; Fig. 18 shows a modi?cation of 
the transmitting system of Fig. 1; Fig. 19 
a front elevation of a detail of Fig. 18; Fig. 
20 a diagram partly broken away of a modi 
?ed form of light producing and varying 
system; and Fig. 21 a diagram of a system 
for increasing the visibility of an object. 
Referring to the accompanying drawings, 

and particularly to Figure 1, one embodi 
ment of this invention comprisesa light pro 
ducing system 10 for producing'a beam of 
vlight; a vibrating system 11 for causing the 

~- beam of light produced by the system 10 
to travel in certain predetermined paths; an 
electric generating system 12 for producing 
suitable electrical harmonics to operate the 
vibrating system 11; a photo electric sys 
tem 13 for receiving the light re?ected from 
an object 14; an electrical amplifyingsys 
tom 15 controlled by the photo electric sys 
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tom 13‘; and a carrier wave generating 
system 16 arranged to: be controlledby the 
amplifying system 15. 
The light producing system 10 consists of 

a. suitable source of light such as: a projector 
lamp 201 which receives; its current‘ from a 
local battery 21. The light from the lamp 
20' and also that re?ected from a, concave 

, mirror 22 passes: through a, suitable optical 

26 

25 

system such as: a series of lenses 23‘, 24 which 
concentrate the beam of light: and project it 
as a. parallel beam 25., The central portion 
of this beam passes through a small opening 
in a diaphragm 26 thus producing a very 
small pencil or beam of intense lightv 27. 
The vibrating system 11 consists: of two 

small mirrors 36 and 31 mounted for rota 
tion in a vertical and horizontal axis respec 
tively. These mirrors are secured to the 
vibrating elements of suitable galvanome 
ters, the coils of which are. shown- at 32 and 
33'respectively. The coils: 32 and 33 oscil 
late between poles of permanent magnets 34 
and 35. The current to the: coil 32 is lead 
in by suitable conductors 40 and 41 which 
are connected to terminals 42; and 43. The 
current to the coil is lead in by conductors 
44 and 45 which are connected to terminals 

‘ 46 and 47. The mirrors 30 and 31 and all 

35 
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hereinafter mentioned mirrors are very 
small in area and very light in weight and 
are preferably made of very thin sheet metal 
having one side» highly polished to form an 
e?icient re?ecting surface. These mirrors 
may be circular in outline or of any other 
suitable shape. ' 
The beam of light is reflected from the 

mirror 30 to the mirror 31 and thence on to 
the object 14 a picture or image of which is 
to be transmitted to‘ the distant receiving 
station. " 

The electric generating system 12 consists 
of a high frequency alternator 50 of ap 
proximately 3200 cycles per second. The ?eld 
51 of this alternator is energized from a. low 
frequency alternator 52 of about 16 cycles 
per ‘second. The alternator 50' is connected 
by means of transformer 54 to a circuit 55 
which is: connected. to the terminals 42, 43, 
46 and 47 and also: to conductors 56 and 57 
which are in turn connected to a ?lter 58. 
This ?lter 58 is constructed and arranged to 
let pass only currents having frequencies 
within the band of frequencies produced in v 
the circuit 55 of the alternator 50 as acted 
upon by the alternator 52. This ?lter 58 
prevents short circuiting of the ampli?er 15 
and generator 16 through the circuit of the 
vibrating system 11. This ?lter 5'8 and all 
other ?lters hereinafter described should be 
aperiodic with no difference of time lag for 
different frequencies. 
The photo electric system 13 comprises a 

lens system 60, 61, a photo-electric cell 62 of 
any suitable construction, and a battery 63 
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in circuit in series with the cell 62. The 
light received by the object 14 due to the ac 
tion of the beam 27 and re?ected by the ob 
ject 14 upon the lens system 60, 61, is focused 
on the photo-electric cell 62 and varies the 
amount of current ?owing through the cell 
from the battery 63 accordingly, depending 
upon the amount and intensity of the light 
received by the cell. . 
The electrical amplifying system 15 for 

amplifying the current produced by the 
photo-electric system 13 may be of any suit 
able construction, and in the form shown is 
of the multiple stage resistance coupled type’ 
employing several three element thermionic 
ampli?ers 64. The output circuit of this 
ampli?er 15 is connected to the central ter 
minals of a double pole, double throw switch 
65 one side of which is connected to the car 
rier wave generating system 16 and, the 
other side of which is connected to the input 
side of an electrical ?lter 66. This ?lter 66 
is constructed and arranged to let pass only 
currents having frequencies within the band 
of frequencies produced by the amplifying 
system 15 under the control of the photo 
electric cell 62 while acted upon by the light 
received from the object 14 through the lens 
system 13. 1 > 

The carrier Wave generating system_ 16 
may be of any suitable type and in the form 
.shown employs a three elementgrthermionic 
oscillator 67, and a three‘ terminal thermi 
onic modulator 68 controlled thereby and 
which is provided with an output circuit. 
leading into the input side of a suitable ?lter 
69. The ?lter 69 is constructed and ar 
ranged to let pass only currents having fre 
quencies within the band of frequencies pro 
duced by the carrier wave generating system 
as modulated’ by the output of the ampli?er 
system 15 under the control of the photo 
electric cell 62. - 
The output sides of the ?lters 66 and 69 

are connected respectively to the two oppo 
site sides of a double pole, double throw 
switch 70, the central terminals of which 
are connected to the transmission line 71 by 
means of conductors 72 and 7 3. The trans 
mission line 71 consists of two conductors 
7 4 and 75 which are connected at their inner 
ends to the output side of the ?lter 58, and 
at their outer ends to a suitable receiver such 
for instance as is shown in Fig. 2, either 
directly as for Wire transmission, or indi 
rectly as through suitable radio transmitting 
and receiving apparatus, as shown for in 
stance in Figs. 16 and 17. 

Referring to Fig. 2, one form of receiv 
ing apparatus which may be employed to 
cooperate with the form of transmitter 
shown in Fig. 1, comprises an ampli?er de~ 
tector system 81 for receiving, detecting and 
amplifying the modulated current from the 
transmitter; an amplifying system 82 for 
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receiving and amplifying the unmodulated 
current from the transmitter; a_light pro 
ducing system 83; a light varying system 
84, a vibrating system 85; and a'suitable 
screen 86 for receiving the images sent from _ 
the transmitter. _ ' 

At the receiving station the transmission 
line 71 from the sending station is connected 
by conductors‘90 and 91 to the centre of a 
double pole, double throw switch 92, one 
side of which is connected to a ?lter 93 and 
the other side of which is connectedyto an 
other ?lter 94. The ?lter 93 is constructed 
and arranged to let pass only currents of 
frequencies which are permitted to 
through the ?lter 69 of Fig. '1 and the ?lter 
94 is constructed and arranged to-glet pass 
only currents of frequencies which are per; 
mitted to pass through the ?lter 66 of Fig. 
1. The output sideof the ?lter 93 is con 
nected to the input side of the ampli?er de 
tector system 81, .and the output side of the 
?lter 94 is connected to the input side of 
the amplifying system 82. The output side’ 

' of the ampli?er detector system 81 is con 
nected to one side of a double pole double 
throw switch 95, and the output side of the 
amplifying system 82 is connected to the 
other side of the same switch 95. The am. 
pli?er detector system 81 may be of any 
well known or suitable construction, and as 
shown comprises several three element ther 
mionic bulbs 96 of well known construction, 
resistance coupled and arranged in series. 
The ?rst bulb 96 on the left is adjusted to 
act as a detector and also as an ampli?er » 
and the next two bulbs 96, 96 are adjusted 
to act as ampli?ers of the current which re 
sults from the detection by the ?rst bulb. 
The amplifying system 82 may be of any 

well- known or suitable construction and in 
the form shown is of the multiple stage re 
sistance coupled type emplo ing three ele 
ment thermionic ampli?ers 9 . 
The light producing system-83 is essen 

tially similar to that shown in Fig. 1 at 10, 
and consists of a source of illumination 
100, a lens system 101, 101 and a diaphragm 
102, which produces a pencil of intense light 
103. 
' The light varying system 84 comprises a 
Nicol prism 105, a polarization cell 106, a 
Nicol prism 107 and a lens system 108. The 
polarization cell 106 is surrounded by a coil 
109 which .is connected by conductors 110 
and 111 to the central terminals respective 
ly of the switch 95. These parts are so ar 
ranged that the pencil of intense light 103 
passes from this diaphragm 102 through the 
Nicol prism 105 and then through the polar 
ization cell 106. The light beam 103 after 
emerging from the polarization cell 106 
passes through the second Nicol prism 107 
which v‘is crossed with respect ,to the ‘?rst 
Nicol prism 105. The lens system 108 is 

pass . 

i 3 

provided for concentrating the beam 103 in 
case the same has been somewhat di?'used 
in passing through the prisms and polariza 

' tion cell. 

two mirrors 115 and 116. These are mount 
ed respectively upon the movable elements 
or coils‘ of two suitable galvanometcrs com 
prising respectively permanent magnets 117 
and 118, the ?rst mirror 115 is mounted for 
rotation about a vertical axis so as to re 
ceive the beam of light 103 from the lenses 
108, and the second mirror 116 is mounted 
for rotation about a horizontal axis so as 
to receive the beam of light as re?ected from 

Vthe ?rst mirror 115 and to re?ect the same 
against a suitable screen 86 provided there 
for. The vibrating system 85 is similar to 
that shown at 11 in Figure 1. The current 
is led into the movable element of the gal-‘8 
vanometcr 117 by means of conductors 120 
and 121 which are connected respectively to 
terminals 122 and 123, and the‘ current‘, is 
led into the movable element of galvaho 
meter 118 by means of conductors 125 and 
126 which are connected respectively to ter 
minals 127 and 128. The conductor 74 of 
the transmission line 71 is connected to the 
terminal '127 and the conductor 75 is con 
nected to the terminal 123. ‘The terminals 
122 and 128 are connected together by a 
conductor 130. A ?lter 131, similar to ?lter 
58, is inserted in the transmission line 71 and 
is arranged to let pass only currents of fre 
quencies passed by ?lter 58. 
In the form of the invention shown in 

Figures 1 and 2, the freqeuncy of the alter 

The light vibrating system 85 comprises - 

80 
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100 

nator 50 is approximately 3200 cycles per ‘ 
second, and the amplitude of the current 
generated will depend upon the intensity of 
the ?eld 51. ' 
In Fig. 1 the vibrating element 32 is tuned 

so that its natural period is above that of 
the current produced by the alternator 50 
and this vibrating element is thereby caused 
to‘vibrate 45 degrees out of phase with the 
current; and the vibrating element 33 is 
tuned-s0 that its natural period is below that 
of the current produced by alternator 50 and 
this vibrating element 33 is thereby caused 
to vibrate 45 degrees out of phase with the 
current'in the other direction, with the re 
sult that the two mirrors 30 and 31 will 
vibrate‘ at the frequency of the alternator 50 
but with a 90 degree phase relation to each 
other. , 

When the beam of light 27 is reflected 
from the mirror 30 it will be given a vibra 
tory motion inaphorizontal plane and when 
it is re?ected from the mirror 31 there will 
be a vibratory motion in a vertical plane 
superimposed upon the former vibration. 
If the amplitude of theLpurrent produced by 
the generator 50 were constant the ampli 
tude of vibration of the two mirrors 80 and 
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31 would also be constant and the beam of 
light 27 as it leaves the mirror 31 would 
have a circular motion. But- the ?eld 51 of 
the alternator _,50 is energized. by the second 
alternator 52 so that the amplitude of the 
current produced by the valternator 50 is 
varied in a manner shown in Figure 3, Where 
the curve of this current is indicated by the 
line 135 and the envelope of these curves 
by the line 136. This will cause the ampli 
tude of vibration of the mirrors to vary so 
that the beam of light 27 when it leaves the 
mirror 31 will describe a spiral path as 
shown in Figure 4. This spiral will always 
be made in the same direction, for example, 
as indicated by the arrows in Figure 4:, and 
will start from a central point moving out~ 
ward in a left hand spiral and will return ‘to 
the central point over a similar right hand 
spiral. This spiral will not be reentrant but 
will always be formed by the point of light 
moving over the object with the same direc 
tion of rotation. - 
As the frequency of vibration of the mir 

rors 30 and 31 is constant the rate of rotas 
tion of the point of light forming the spiral 
will also be constant andin order'to have 
the intensity of illumination of ‘the object 
uniform the spacing of the spiral must de 
crease at a rate proportional to the increase 
of radius, as the linear speed of the point of 
light increases directly as the radius. This 
can be accomplished by making the wave 
form of the current produced by the gener 
ator 50 and shown by the current line 135 
(Fig. 3) of such a shape that its envelope 

' 136 will have a parabolic form. 
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The point of light traversing the spiral 
path?will pass consecutively over substan 
tially every point of an object'whose dimen 
sions do not exceed those of the limits of the‘ 
spiral, the time taken in passing over each 
complete spiral out and back being 1/16 of a 
second when the speed of the alternator 52 
is sixteen cycles per second. 
The light re?ected from each point of the 

object as the point of light strikes it will be 
focused by the lens system 13 on the photo 
electric cell 62, thereby varying the resistance 
of this cell accordingly thus producing cor 
responding variations ‘in the current sup 
.plied by the battery 63 to the amplifying 
system 15 which, depending upon the posi 
tion of the‘ switches 65 and 70, cither‘alsends 
these ampli?ed variations of current through 
the ?lter 66 to the line 71, or else causes them 
to modulate the high‘frequency waves pro 
duced by the carrier wave generating system 

‘ 16 which are then sent‘ through the ?lter 69 
to the line 71. The alternating current pro 
duced by the generating system 12 passes‘ 
through the ?lter 58 and then on to the line 
71- . v. 

In the operation of the sending' stationv 
shown in Fig. 1 in cooperation with the 

1,725,710 ' 

receiving station shown in Fig. 2 when it is 
desired to transmit only the current output 
of the ampli?er system 15 of Fig. 1, then 
the switches 65 and 70 of Fig. 1, and 92 of 
Fig. 2 should be so set as to put in series the 
ampli?er system 15. and ?lter 66 of Fig. 51,. 

70' 

line .wire 71 and filter 94, ampli?er system‘ I 
'82, and coil 109 of Fig. 2. a 
But it it shouldbe desired to transmit 

from the sending station the comparatively 75 
high frequency current generated by the car- ' 
ricr wave producing system 16 and modu~ 
lated by the output current of the ampli?er 
system 15, then the switches 65 and 70 of 
Fig. 1 and 92 of Fig. 2 should be so set as 
to place in series the ampli?er system 15, 
the carrier wave generator 16, and the ?lter 
69 of Fig. 1, the line Wire 71, and the ?lter 
93, ampli?er detector system 81, and 'coil 
109 of Fig. 2. 
_ When it is-desired to transmit energy by 
wire from‘ the sending station of Fig. 1 to the 
receiving station of Fig. 2 either of the sets 
of connections just described may be made. 
After the current has been received and 

amplified by either system 81 or 82 of the 
receiving station, as the case may be, it 
passes to the switch 95 and thence by means 
of conductors 110 and 111 to the coil 109, 
which acts upon the polarization cell 106 
so as to cause a rotation of the plane of po- \ 
larization through an angle depending up 
on the intensity of thecurrent in the coil 
109. This in turn causes a variation of the 
amount of light passed through the second 
Nicol prism 107, so that the intensity of the 
beam 103 after it leaves the prism 107 will 
be proportional to the intensity of the light 
received by the photo electrical cell 62. 
The beam of light 1031s then re?ected by 

the vibrating mirrors 115 and 116 which are 
.caused to vibrate in synchronism with the 
mirrors 30 and 31 at the transmitter, as the 
coils of the galvanometers 117 and 118 are 
traversed by the same alternating current 
which traverses the coils 32 and 33 at the 
transmitter and which is conducted to‘ the 
receiver over the conductors 74 and 75. This 
will cause the point of light produced by 
the beam 103 on the screen 86 to move over‘ 
a spiral path similar to that traversed by 
the beam of light 27 on the object-14. 
As the two beams of light 27‘ and 103 thus 

move in synchronism and’ as the beam of 
light 103 has an intensity proportional to 
the light re?ected from‘the object 14, at any 
given instant, the screen 86 will be covered 
by a_ point of light making a complete spiral 
16 times per second, whose intensity at each 
point will be the intensity of the light re 
?ected from the object 14 at a 'correspond— 
mg point so that-there will be produced 5n 
the screen 86 an image which will corre 
spond to the object 14; and which will be 
produced 16 times per second so that the 
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persistency of vision will cause it to appear 
as a continuous image depicting the ob]ect 
14 and which will follow closely ‘all the 
movements of this object. 

In Figure 5 is shown a modi?ed form of 
the means shown in Fig. 1 for causing the 
mirrors 30 and ‘31 to vibrate. In this form 

' of the invention a battery 140 is placed in 
- the circuit with the ?eld 51 and the genera 

10 

15 

20 

tor 52. A condenser 141 may also be neces 
sary. forming with the adjacent coil a 
tuned circuit to take up the irregularities 
of the 3200 cycle. The wave form of the 
current generated under these conditions is 
shown by the line 145 in Figure 6. The en 
velope of this waveform is shown by the 
line 146 which is parabolic in shape. With 
this type of current the pattern, formed by 
the beam of light 27 on the object 14 will be 
a re-entrant spiral as shown in Figure 7. 
The spiral will be ?rst formed in one di 
rection as indicated by the arrows 147 and 
then will retracethis path as indicated by 
the arrows. 148. A similar spiral will be 
formed on the screen 86 by the beam of light 
103 as the coils of the galva-nometers 117 

, and 118 will be traversed by the same our 

30 

rent that passes through the coils of the gal 
vanometers at the transmitter. 
Another form of this invention is shown 

in Figure 8 in which the pattern is produced 
by rotating mirrors or similar means in 
stead of by vibrating elements. In this form 
of the invention the optical system 10 is 
identical with that described for Figure 1 
but in this case the beam’ 27 is re?ected from 
a plurality of small mirrors 151 securedxto 
the circumference of a circular disk 152 

. which is mounted upon a shaft 153 which 

is 

55 

is rotated by an induction motor 154. Se 
cured to the shaft 153 is a worm 155 which 
meshes with a worm gear 156 which in turn 
is‘ mounted upon a shaft 157. Secured to 
the shaft 157 is a second worm 158,.meshing 
with a worm wheel 159 secured to a shaft ‘160 
which carries a plurality of mirror surfaces 
161, which re?ect the beam of light 27 re 
‘ceivedfrom the mirrors 151 to the object 14. 
'1 When the motor 154 is rotated‘ at a high 
speed the beam of light 27 will be reflected 
from each of the small mirrors 151 and each 
time a mirror passes in front of the incident 
beam the re?ected beam will be rotated 
through a small angle. This beam is then 
re?ected from the surface of the mirrors 
1131 which are rotated at a much slower 

_- j sfiibed than the mirrors 151 due to the worm 
rgfduction used. As each vibrating beam 
strikes the mirror 161 it will be re?ected at 

angle slightly different from the previous 
one due to the rotation of these mirrors, 
thus producing a pattern similar to that 
shown in Figure 9. _ ' . 
The induction motor 154 is connected by 

three conductors 165, 166 and 167 to a simi 

5 

lar induction motor 170 located at the re 
ceiver. This motor drives a disk 171 pro 
vided with a plurality of small mirrors 172, 
similar to the disk 152, which in turn, by 
means of a worm reduction gearing, drives - 
the mirrors 175 at a slower rate of speed. 
The optical system‘ at the receiving end is 

similar to that shown in Figure 2 and the 
beam of light 103 is reflected ?rst from the 
mirrors 172 and then from the mirrors 175 
to the screen 86. The two induction motors 
154 and 170 are supplied from a suitable 

75 

source of three phase current 180 which’ ‘ 
drives the two induction motors at the same 
speed. The two rotating discs 152 and 171 
are thereby rotated in synchronism, as are 
also the mirrors 161 and 175. The pattern 
formed on the screen 86 is therefore similar 
to the pattern formed on the object 14, and 
the beam of light in each case moves over 
the two patterns synchronously. 
‘The light re?ected from the object 14 of 

Fig. 8 may be received or picked up by a 
\sending system exactly the same in con 
struction and operation as that part of the 
sending station shown in Fig. 1, which re 
ceives the light re?ected from the object 14 
of Fig. 1, and which includes the lens sys 
tem 13, cell 62, ampli?er system 15, carrier 
wave generator 16, ?lters 66, 69, and line 
wire 71. This part of the sending appara 
tus of Fig. 1 forms an unshown part of the 
sending apparatus of Fig. 8 and the. energy 
transmitted from this unshown part of Fig. 
8 may be received upon a receiving system, 
the same in construction vand operation as' 
that portion of the receiving system of Fig. 
2 which controls the coil 109 of Fig. 2, to 
control the coil 109 of Fig. 8. The image 
produced on the screen 86 of Fig. 8 will 
therefore be an image of the object 14 of 
Fig. 8. > a 

In order to keep the two motors 154 and 
170 in practically absolute synchronism, 
these motors should be of the induction 
motor type in order to avoid the hunting‘ 
characteristic of other types. Any suitable 
means for synchronizing these motors may 
be employed. 
In the form of the invention shown in 

Figure 1 the light received by the photo 
electric cell 62 is comparable to the total i1-. 
lumination of the object at any given in 
stant. As long as the beam of light 27 
strikes a part of the surface approximately 
normal to its direction, as in the ease of a 
photograph or other flat object, the light re 
?ected will be only that amount which is re 
?ected directly from the point where the 
beam strikes the object. If, however, the 
image of an object which is not ?at but 
which has depressions and other iregulari 
ties of surface is to be transmitted, and the 
beam should strike the object on a‘ slanting 

‘ portion‘ of the surface thereof, part of the 
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light will be re?ected to other portions of 
‘the surface thereof so that the total illumina 
tion received by the cell 62 would ‘be not 
only that re?ected directly from the point 
where the beam 27 strikes the object, but 
also that re?ected from those other portions, 
thus increasing'the illumination received by 
the cell over that which would be received if 
only the light re?ected directly from the in 
cident point reached the cell. Therefore the 
system shown in Fig. 1 might operate more‘ 
e?iciently in transmittingv images of objects 
having ?at surfaces‘ than in transmitting 
images 0R objects having irregular surfaces. 
To overcome this difficulty and thereby 

increase the e?iciency of the system shown 
in Fig.‘ 1 when used to transmit images of 
objects having irregular surfaces, the system~ 
shown in Fig. 1 may be modi?ed as shown1 in 
Fig. 10 to'provide means for causing only 
the light re?ected from the point where the 
beam 27 strikes the object to be thrownupon 
theiphoto-electric cell 62. In this modi?ed 
form the construction and arrangement are 
the same as in Fig. 1 except that two sec. 
ondary mirrors 190v and. 191 are added and 
mounted respectively upon the vibrating 
elements of the galvanometers 33sand 32 of 
Fig. 1 so that. as these elements vibrate, 
these secondary mirrors will vibrate in uni; 
son with the hereinbefore described primary 
mirrors 31 and 30. These secondary mir 
rors 190 and 191 must each be of very small 
area, and they are mounted‘ at such angles 
and in such position with respect to the pri 
mary mirrors 31 and 30 respectively, that 
the light re?ected by the secondary mirrors 
will, always be from the point at which the 
incident beam 27 strikes the object 14 and 
will always strike the cell 62, which may be 
rearranged in a new‘ ?xed position for this 
purpose,’ if necessary. In this modi?ed 

4 form of Fig. 1 the lens system 60, 61 may be 
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omitted.’ _ . _ 

- Figure 11 shows another modi?cation of 
Fig. 1, 'which'may be found to have certain 

In this. advantages for certain purposes. 
modi?ed ‘form of sending stationsthe con 
struction and. arrangement may be exactly 
the same as in Fig. 1 except that the system 
10 of Fig. 1 for producing the beam of light 
27. is omitted; a lamp 200 and suitable re 
?ectors (201 are arranged to illuminate the 
object 14; and the cell 62 of Fig.‘ 1 is ar- ‘ 
ranged inv Fig. 11 to receive light rays 202 
re?ected to it by the vibrating system 11_ 
from the object 14. In Fig. 1' the light pro 
ceeds from the lamp 20 to the vibrating sys-' 
temsll and is i‘e?ected by the vibrating sys~ 
tem 11 to the object 14 and by the object 14 

. to the cell 62, but in Fig. 11 the light pro 

35 

ceeds from the lamp 200 to object 14 and is 
re?ected by the object 14 to the vibrating 
system 11 which, re?ects the, same to the 
cell 62, the process of operation of the re 

) 

K?ecting system in Fig. 11’ ‘thus being the re 
verse of the process in Fig. 1. The vibra~ 
tory mirrors should be .very small in area 
and very light in weightv in all the herein 
described systems, and this is. particularly 
important in'the systems of Figs. 10 and 11. 

Instead of producing the image by or 
dinary light rays thrown upon’an ordinary 
screen as in Fig 2,‘it is possible to modify 
Fig. 2 so that the image may be produced 
on a ?uorescent screen by means of cathode _ 
rays. ' In this modi?cation the construction 
and arrangement arelthe same as in Fig.‘ 2 
except that instead of the means 83 for pro 
ducing a beam of light, the light modifying 80 
system 84 including the coil- 109 and con 
nections?ll0, 111 the vibrating system 85 
and the screen 86, of Fig. 2, there is sub 
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vstituted the construction and arrangement‘ 
shown in Fig. 12. 
In Fig. 12' is shown an elongated hi hly 

evacuated glass bulb or container 205 w ich 
is substantially circular in transverse sec 
tion throu hout its length and which com 
prises a cy indrical-neck portion and a sub 
stantially - cylindrical body portion, the 
body portion being of greater diameter 
than- the neck portion. Within the 
outer end of the neck of the bulb is located 
a cathode in the form of a ?lament 206, and 95 
in the outer'end of the body of the bulb and 
in a plane perpendicular to the longitudinal 
axis of the bulb is located a ?uorescent 
screens207. The ?lament 206 is heated by a ' 
battery 208 working through a variable re- 100 
sistance 209. Within ‘the neck of the bulb 
205 and between the ?lament 206 and the 
screen 207 are located in the order named 
an anode 210, a focusing gride 211 and a 
secondary. diaphragm 212. 
‘The anode 210 is in the form of a circular 

diaphragm provided with a marginal cylin 
drical/tubular extension 215 and with a cen 
tral cylindrical tubular extension 216 open 
at both ends. These two extensions are ar- 110 
ranged coaxially with the bulb 205 and the 
central extension 216 is open at both‘ends 
to permit electrons from the filament 206 
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-to pass through the anode 210.' The anode 

206 th ough a battery 220 of relativel high 
voltag ‘,for\ instance of a Voltage 0 from 
200 to 1000 volts. 
The focusing grid 211 is in the form of an 

elongated coil having its longitudinal axis 120 
coincident with the lono'tiudinal axis of the 
bulb 205. One end of this grid is connected 
through a condenser 225 with one of the 
central terminals of the switch 95 of Fig. 2, 
and the other central terminal of the switch 125 
95 is connected through a battery 226 with ‘ 
the anode 210 of Fig. 12. The opposite sides 

210 is Egnnected to the circuit of the?lament 115 

of the condenser 225 are connected by high 
resistances 227, 227 with the connection be 
tween'the switch 95 and thebattery 226. 130 
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The diaphragm 212 is ?at and is circular 
in outline provided with a central opening 
230. Located outside of and adjacent to 
the tube 205 and just to the'right of the 
diaphragm 212 are two coils 231 and 235 
which have their axes perpendicular to each 
other'and to the longitudinal axis of the 
tube 205. The ends of these coils 231 and 
235 are electrically connected respectively 
to the corresponding terminals 122 and 123 
and 127 and 128 of Fig. 2. 
In the operation of the sending system 

shown in Fig. 1 in connection with the re 
ceiving system shown in Fig. 2 modi?ed as 
shown in Fig. 12, the operation of the send— 
ing system and the unmodi?ed portion of 
the receiving system is as-hereinbefore de 
scribed to deliver energy to the switch 95 of 
Figs. 2 and 12 and through this switch the 
energy acts upon the circuit oflthe focusing 
grid‘ 211-of Fig. 12 to varyjthe voltage of they 
grid in accordance with the variations-in 
the received energy. 

The ?lament 206 of Fig. 12 heated by the 
battery 208, and under the in?uence of the 
high voltage battery 220, causes electrons 
to be discharged towards the anode 210. 
Part of these electrons pass through the 
tubular extension 216 and then through the 
focusing grid 211 which is normally acted 
upon by the battery 226, causing these elec 
trons to be to a certain extent diffused so 
that only a small proportion of°them pass 
through the opening 230 in the diaphragm 

\Vhen the intensity of the voltage sup 
plied by the amplifying system to the switch 
95 is increased due to the increase of the il 
lumination of the cell 62 of the transmitter, 
the applied voltage on the grid 211. will 
be decreased so that the scattering effect will 
also be decreased and more electrons will 
pass through the opening in the diaphragm 
212~thus increasing the illumination on the 
?uorescent screen 207. In this way the il 
lumination on this screen will be made ro 
portional to the illumination of thel'cell 62, 
and therefore, to the light reflected from the 
object 14 to the cell 62 at any given instant. 
As the electrons leave the opening 230 in the 
diaphragm 212 they will be acted upon by 
the two coils 231 and 235 which will de?ect , 
them an amount depending upon the in 
tensity of the current in these coils at any 
given instant and as this intensity varies 
in the same manner as the intensity of the 
current in the galvanometers at the trans 

4 mitter the stream of electrons will be caused 
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to describe a spiralpath upon the ?uorescent 
screen 207 which will be similar to the spiral 
path produced upon the object 14 at the 
transmitter so that an image of the object 
14 will be produced on the screen 207. , 
‘For transmitting in natural colors the 

image of an object and for producing an 
image having a stereoscopic effect and inv 
the natural colors of the object this inven 
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tion may be modi?ed for example as shown 
in Figs. 13, 14, 15A and 15“. 
In Figs. 13 and 14 is shown one form of 

transmitter which may be used for the pur 
pose just mentioned. This form of trans 
mitter is in some respects similar to the 
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transmitter shown in Fig. 11 and comprises a 
a source of light 300 arranged to illuminate‘ 
the object 14, an image of which is to be 
transmitted; a multiplex light re?ecting and 
vibrator 
rays re ected from the object 14; a chro 
matic light disintegrator 310 for receiving 
and chromatically disintegrating the light 
rays re?ected to it by the re?ecting system 
305; a multiplex photoelectric system 315 
and an energizingsystem 316. ‘ 

The. source of illumination 300 may be of 
any suitable kind, and in Fig. Q3 comprises 
an electric lamp 325 energized by a. battery 
326. and, provided with a re?ector 32.7. The 
re?ector ‘327 is arranged to throw light rays 
upon the object 14 and to shield the lamp 
325 from the light receiving parts 305, 310 - 
and 315 of the system. 
The multiplex light re?ecting and ‘vibra 

tory system 305 comprises two pairs of mir 

bl 
system 305 for receiving light . 
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rors 330,331 and 332, 333, very small and ‘ 
very light in weight secured respectively to 
‘two pairs of vibratory coils or elements 
336 and 337, 338 forming parts offour siiit- W 
able galvanometers respectively. These vi 
brat-cry elements 335 to 338 are connected in‘ 
series in a circuit 339 including a coil 340 ar 
ranged. to be energized as hereinafter de 
scribed and arranged to deliver its-current 
through a ?lter 341 to output conductors 
342, 343 and thence to the line as will ap 
pear hereinafter. The ?lter 341 is con 
structed to let pass only waves of the band 
of frequencies ?owing through the input cir 
cuit 339 to vibrate the mirrors 330 to 333. 
The mirrors 330 and 332 are arranged to be 
vibrated about‘ ?xed vertical axes and the 
mirrors 331. and are arranged to be vi 
brated about ?xed horizontal axes respec 
tively. 

The_ chromatic light disintegrator 310 
comprises a substantially ?at circular color 
separating screen or filter 350 (shown en 
larged in Fig. 14) .x This screen 350 com 
prises a hub 351 surrounded by a rim 352 
concentric therewith and rigidly supported 
therefrom by a plurality of arms or spokes 
353 radiating from the hub 351 to the rim. 
In the openings between the spokes 353 are 
secured colored segments 354, 355 of’ trans 
lucent material such for instance as glass, 
and these segments are in this form of the 
invention alternately of complementary col 

, ors, for instance, one segment 354 of an 
orange red and the next segment 355 being 
of a greenish blue, these two colors being 
well known in color photography, the light 
of these two colors uniting to produce White I 
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or colorless light. In the screen shown six 
segments are used and these are of equal size 
and of the same form and so arranged that 
a segment of one color is always diametri 
cally opposite to a segment of the comple 
mentary color. The screen 350 is arranged 
to be rotated by an induction. motor 360 
upon the‘ shaft 361 to which the screen is 
centrally and rigidly secured, the rotation 
of the screen 350 being at such a rate and 
so synchronized with respect to the vibra 
tions of the vibratory system- 305 including 
the mirrors 330, 333, that the screen rotates 
through an arc of 360 degrees divided by 
the number of equal ‘colored segments 354, 
355, while the vibratory system is making 
one complete cycle of operations. , 
The photo-electric system 315 of Fig. 13 

comprises two photo-electric cells 365, 366, 
of any suitable material the electricv resist 
ance of which is varied by and in accordance 
with the action of light rays of varying in 
tensity. These cells are respectively in two 
circuits 367, 368 which control respectively 
two electrical current ampli?er systems 369, 
370, which may each be of the same construc 
tion as the ampli?er system 15 of Fig. 1. 
These two ampli?er systems 369 and 370 
control respectively two systems 371.,‘ 372 
for the production of two series of carrier 
waves of different frequencies respectively, 
for instance, of frequencies of 25,000 and 
30,000 respectively. Each of these two car 
rier wave generating systems may be of the 
same construction as the carrier wave gen 
erating system 16 of Fig. 1, each including a 
three element thermionic oscillator, and a 
three element thermionic modulator. These 
two generators 371 and 372 are connected to 
deliver their outputs to two aperiodic wave 
?lters 373 and 374 respectively, which are 
constructed to let pass respectively only 
waves of the two bands of frequencies pro 
duced by the generators 371 and 372 re~ 
spectively and have no time la g. These two 
?lters avoid among other things short cir 
cuiting of the generators 371, 372, and short 
circuiting of the current ?owing through the 
?lter 341. The output of ?lters 371, 372 
are conducted to a line wire 375 comprising 
two conductors 376, 377, which connect the 
transmission system of Fig. 13 with a re 
ceiving system. for instance, such as is shown 
in Fig. 153. The outer ends of the output 
wires 342 and 343. of the ?lter 341 of the 
transmission system are also connected re 
spectively to these line wires 376, 377. 
For electrically energizing the color sepa 

rating system of the sending station of .Fig. 
v13, and for synchronously energizing corre 
sponding parts of the receiving statlon as, 
will appear hereinafter, an alternating cur— 
rent generatorv400 is provided and arranged 
to deliver its output to three wires 401, 402, 
403, which connect the sending station (Fig. 
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13) with the receiving station (Fig. 15*’). 
The wires are: (electrically connected respec 
tively at the sending station to the motor 
360 by three wires 405, 406, 407. The arma 
ture of the ‘generator 400 is arranged to be 
rotated at a constant rate by any suitable 
means, as for instance by‘ a motor 410 receiv 
ing its energy from a source not shown. 
For vibrating the mirrors 330x, 331, 332, 

333 of light re?ecting system 305 of the :send- ‘ 
ing station and synchronously vibrating cor 
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responding mirrors of the receiving station, 1 
as will appear hereinafter, the coil 340 of 
Fig. 13 is arranged to form the secondary 
coil of a transformer 415 having a primary 
coil 416 in a circuit 417 receiving energy 
from an alternating current generator 420, 
the same in construction and operation as the 
generator 50 of Fig. 1, except that it produces 
an alternating current of for instance twice 
the frequency of the current of the‘generator 
50, or in other words, a current of 6400 
cycles per second. An auxiliary alternating 
current generator 421 corresponding to the 
generator 52 of Fig. 1 vis securely mounted 
upon an extended part of the armature shaft 
of the generator 400 so as to be rotated in 
unison therewith, and is arranged so as to 
produce an alternating current of ' for 
instance twice the frequency of the current of 

, the generator 52 of Fig. 1, or in other, words, 
a current of 32 cycles per second in a circuit 
422 including .a coil 423 arranged to act in 
ductively upon the ?eld coil of the generator 
420 to vary the amplitude of the output cur 
rent of the generator 420 accordingly at a 
constant rate and in synchronism with the 
rotation of the color separating screen 350. 
For uniform lighting the generator 420 may 
be caused to produce a current having a wave 
form indicated by lines 135 of Fig. 3, the 
envelope of which 136 may be parabolic in 
form, as described in connection with Fig; 1. 
The construction, arrangement and opera 

tion of the transmitting‘ system shown in 
Figs. 13 and .14 are such that when the ob 
ject 14 receives light from the source 300 a 
part of the light will be re?ected by the ob 
ject from a given point or spot 425 on the 
object along the path 426 to the mirror 330, 
thence ‘to mirror 331, thence along a path 426' 
and through one of the segments of disc 350 
to the corresponding cell 365; and simultane 
ously another part of the light will be re 
?ected by the object 14 from the same point 
425 along the path 427 to the mirror 3.32, 
thence to mirror 334, and thence along a path 
427' and through a. segment diametrically 
opposite to the ?rst and of complementary 
color and to the corresponding cell ‘366. The 
mirrors ‘330 to 333 are so arranged that the 
two mirrors 330 and 332 will always receive 
light simultaneously from the same point 
425 of the object 14 and this point- will be 
caused to describe a spiral path moving out 
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ward over a left-hand spiral from a central 
point and returning to the same point over a 
right hand spiral as shown in Fig. 4. 
To accomplish this, ‘the vibrating element 

336 is tuned so that its natural period of 
frequency of vibration is above that fre 
quency of the current produced by the alter 
nator 420 and ‘this Vibrating element 336 
is thereby caused to vibrate 45 degrees out 
of phase with and in advance of the phase 
of the current, and the vibrating element 

is tuned so that its natural period of 
frequency of vibration is below that of the 
same current and consequently the vibrating 
element 335 'is caused to vibrate 45 degrees 
out of phase with and behind the phase of 
the current with the result that the corre 
sponding two mirrors 331 and 330 will be 
vibrated at the frequency of the alternator 
420 but with a 90 degree phase relation of 
vibration between the mirrors. The vibra 
tory elements 338 and 337 are likewise tuned 
,so that their natural periods of frequencies 
of vibration are res )ectively above and below 
the frequency of the alternator-420 and so 
that consequently the corresponding mirrors 

and 332 will be vibrated at the frequency 
of the alternator 420 but with a 90 degree 

.phase relation of vibration between these 
30 
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two mirrors. If the amplitude of oscillation 
of the current produced by the alternator 420 
were constant, the amplitude of vibration 
of the mirrors would be constant,v and the 
path traversed upon the object 14 by the 
point 425 from which the light is received 
by the mirrors 426 and 332 would be a circle; 
but since the ?eld of the alternator 420 is 
energized Iby/a second alternator 421, the 
amplitude of the oscillations produced by 
the alternator 420 is varied, thus causing 
the amplitude of vibration of the mirrors to 
be varied accordingly and causing the point 
425, from whiclnlight is received bythe 
mirrors 426 and 332, to described a spiral 
path extending from a central ‘point out 
wardly and then returning to the central 
point, as shown in Fig. 4, and as herein 
bet'ore described. The time consumed in 
making a complete gycle- of operation of the 
vibrator system 305 to thus cause the point 
425 to travel through a complete spiral path 
out and back as in Fig. 4 would be one 
thirty-second of a second when the alter 
nator 421 is delivering current at 32 cycles 
per second, as assumed. Also duringr each 
one thirty-second of a second the point 425 
from which light is received will be rotated 
about the central point of the spiral two 
hundred times, one hundred in proceeding 
from the central point outwardly and one 
hundred in returning, if as assumed the 
alternator 420 is delivering current at the 
rate of 6400 cycles per second. Conse 
quently, if the extreme diameter of the ob 
ject 14, an image of which is to be trans 
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mitted, is comparatively small, as for in 
stance not more than two inches, and the 
electrical devices and connections are so ad 
justed and operated that the extreme di 
ameter of the spiral path of the point 425 
would slightly exceed that of the object 14 
then the pitch of the spiral, or distance be 
tween successive convolutions of the spiral 
would be only about 1/100 of an inch so 
that if the mirrors 330 and 332 were each 
substantially circular in shape and of a di 
ameter slightly in excess of 1/100 of an inch 
every point on the face of the object 14 
would be twice covered by the point 425 in its 
passage out and back over the spiral path. 
However, it is evident that the extreme di 
ameter of-the spiral path, the number of 
convolutions in the spiral, the distance 
between successive convolutions, and the 
time of producing a complete cycle of the 
spiral, out and back, all may be varied to suit 
various requirements, as experience may die 
tate. 

Also in the operation of the transmitter 
shown in Fig. 13 the Various motors and 
alternators are constantly operated, and the 
object 14 (here assumed to be a. picture in 
colors on a ?at plane suitably arranged) is 
constantly illuminated by the lamp 325, and 
light is re?ected or radiated from the entire 
surface of the object 14 in various directions. 
The vibrating mirror systems re?ect the light 
from consecutive parts of a spiral path 425, 
as hereinbefore described, so as to cover sub 
stantially every part of the object cyclically 
from the central portion of the object out 
wardly to the marginal portions of the ob 
ject and then returning to the central por 
tion at a rate, for instance, of 64 cycles per 
second. 
These two portions of this re?ected light 

which travel respectively from the con— 
stantly moving point 425 over the constantly . 
changing paths 426 and 427 to the two mir 
rors 330 and 332 are reflected, respectively 
by the two mirrors 331, 333 through op 
positely arranged complementary colored 
portions of the rotating color disintegrator 
350. The screen 350 is so arranged and ro 
tated, and the number of colored segments 
in the screen is so chosen, that, disregarding 
the arms 353 of the screen, throughout one 
entire cycle of vibrations of the mirrors 

the opposite rays 426, 427 will 
pass through, for instance, a blue green seg 
ment and an oppositely arranged orange red 
segment respectively, and during the whole 
of the next cycle will pass through an or 
ange red segment and a blue green segment 
respectively. Consequently, the‘ rays 4,26’ 
and 427 ' striking the cells 365 and 366 will 
be correspondingly colored during one cycle 
and reversed in color during the next cycle 
of vibrations of the mirrors and will control 
the two photoelectric cells 365 and 366 
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accordingly to produce corresponding varia 
tions in the currents ?owing therethrough. 

I These currents are ampli?ed by the ampli 

10 

25 

30 

_ transmitter of Fig. 

?ers 369, 370 andthese-ampli?ed currents 
correspondingly modulate respectively the 
two series of carrier waves produced by the 
two carrier wave generators 371, 372 respec 
tively, and these two series of carrier waves 
thus modulated pass through the ?lters 373, 
374 respectively and over theline 37 5_ to the 
receiving station. 

4 In Fig. 15A is shown a modi?cation of the 
13. Corresponding 

parts of this ?gure are designated by the 
same reference numerals. In this system a 
light source 20 with suitable condensing and 
focusing means 22, 23, 24 and 26 is provided. I 
The amount of light is regulated by the disc‘ 
801 driven by motor 804 which is synchro 
nized in its motion with the motion of the 
mirrors 330, 331, 332 and 333, as will be 
more fully explained hereafter in connection 
with Figs. 18 and 19. The light thus pro; 
duced and regulated is re?ected by the mir 
rors 380 and 381 and‘ to the object 14 by 
means of the mirrors 330A, 331% 332A and 
333“, to illuminate the object in the same 
path along which it is being scanned as has 
been described in connection with Fig. 10.' 
Thefunction of the controlling motor 410 

and the amplifying, modulating and ?lter 
ing devices 315, 316 and 373 respectively 
et‘c., is the same as that of the corresponding 
parts in Fig. 13, which has been described 
above. . ' ' 

Thus there is produced a system which 
_ will ive by means of the color- disintegrat 
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ulating system 510, a 

ing evice 350iand the dual mirror systems0 
an improved stereoscopic transmisslon in 
natural colors. 
In Fig. l5B>is shown one form of receiving 

system which may be used in combination 
with the transmission s stem shown in Figs. . 
13, 14 and Fig. 15“. his receiving system 
comprises a duplex sourcemof light ‘500, a 
color disintegrator 505 a duplex light mod. 

Vduplex light vibratory 
system 515, a light receiving and re?ecting 
screen 520, an auxiliary 'color disintegrator 
525, and a duplex electrical receivingsys 
tem 530. ' . 

The duplex source of light 500' comprises 
two electric lamps 535, 536 of equal intensi 
ties and arranged to be‘energized by a bat 
tery 537. - q 

The color v'disintegrator' 505 includes a 
color separating disc or screen 550, ‘the same 
in construction as the screen 350 of Fig. 13;_ 

-'-and this screen is rotated by a synchronous 
motor 560 which is arranged to be energized 
through connections with the three conduc 
tors 401, 402, 403 which receive energy from 
the alternator 400 of Fig. 13. Consequently, 
the screen 550 of the receiver is synchronized 
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‘in its rotation with the screen 350 of the 
sending station, and the former screen is so‘ 
constructed and arranged that throughout 
the cycle when the rays 426’ and 427 'r ofthe 
sending station are orange red and blue' 
green respectively, the corresponding ra s 
568' and 569’ of the receiving station w1ll 
be of the same colors respectively, and when 
the colors of the rays of the sending station 
are reversed, the colors of the rays of the 

- receiving station will also be reversed. 
' The duplex light modulating system- 510 
comprises a Nicol prism 565, a polarizing cell 
566 and an analyzer or second Nicol prism 
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567 crossed‘with respect to the ?rst prism' 
565, all arranged in alinement with the elec-. 
tric lamp 535 to receive and modulate a 
small beam of light 568 therefrom; and a 
Nicol'prism 570, a polarizing'cell 571 and 
an analyzer, or second Nicol prism 572 
crossed with, respect to the corresponding 
?rst prism 570 are arranged in parallelism 
with the ?rst mentioned prism 565, cell 566 
and prism 567, and in alinement with the 
other lamp 536 to receive and modulate a 
second small beam of light 569 therefrom. 
The duplex light vibratory system 515 

comprises two vibratory mirrors 575, 576 ar 
ranged to receive the two small beams of 
‘light 568.’, 569’ from the two prisms 567 and 
572 respectively, and two vibratory mirrors 
577 and 578 arranged to receive light re 
?ected thereto by the two ?rst mentioned 
mirrors 575, 576 respectively and. to re?ect 
the same to a point 579 on‘ the screen 520. 
These four mirrors 575——5_7 8 are arranged to 
be vibrated respectively by the four vibra 
tory coils or elements 580, 581,582 and 583 
of four corresponding‘ galvanometers. The 
mirrors 575 and 576 are arranged to- be ' 
vibrated by the' corresponding coils about 
?xed horizontal axes respectively, the other 
two mirrors 577 and 578 are arranged to be 
vibrated by their corresponding coils about 
‘?xed vertical axes respectively, and the tun 
ing of the four coils or vibratory elements 
580-583 is similar to the tuning of the‘ cor 
responding ‘coils or vibratory elements 
335-338 of Fig. 13, and is such that the four 
mirrors 57 5—57 8 are so vibrated as to cause 
the point or spot of light 579. to travel over 
vthe screen 520 in a spiral path which is a 
reproduction of the spiral path of movement 
of the point 425' on the object 14 of Fig. 13. 
These coils 580-"583 are in series in the cir 
cuit 376, 377 which receives the alternating 
current of 6400 cycles per second from vthe 
alternator420 of the’ sending station modu 
lated at 32 cycles per second by the alterna 
tor 421 of the sendingstation and conse 
quently the mirrors of the receiving station 
are vibrated in synchronism with the mirrors 
of the sending station. A ?lter 585 similar 
to ?lter "341 is inserted in thepcir'cuit 376, 
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