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(C. 9-5) 3 (Claims. 

This invention relates to a method and appa 
ratus for frequency changing. 
Methods and apparatus previously suggested 

for this purpose have suffered from various dis 
advantages. Some have been based on the Oper 
ation of mechanical parts, such as commutators, 
and have thus been limited to work at relatively 
low frequencies besides being subject to the in 
herent limitations caused by mechanical inertia. 
The use of inertialess electron beams instead of 
mechanical commutators has been suggested, but 
the proposed arrangement was such that signals 
of adequate strength at the changed frequency 
would not be obtained. 

It is the object of the present invention to 
avoid these disadvantages of prior proposals and 
produce a system which is not subject to the 
limitations imposed by mechanical inertia, and at 
the same time is capable of producing signals of 
entirely satisfactory strength. 
The method of the invention comprises caus 

ing a nosaic capable of electron emission to be 
scanned by an electron releasing beam, which is 
modulated by the signal and forms a record of 
the signal on the InoSaiC, and causing the record 
On the noSaic to be Scanned, at a Speed different 
from the Speed of Scanning by the first mentioned 
bean, by a beam of electrons having energy re 
easing power substantially greater than that of 
the first mentioned beam. The first mentioned 
bear is preferably a beam of electrons and the 
greater energy releasing power of the second 
In entioned bean in that case results from the 
electrons of the Second beam having an accelera 
tion Substantially greater than that of the elec 
trons of the first mentioned bean. 
More Specifically, the nethod of the inven 

tion comprises modulating an electron releasing 
beam in accordance with a signal, causing the 
modulated beam to Scan a surface capable of elec 
tron emission, projecting the electrons emitted 
from such surface on a mosaic capable of elec 
trOn emission and Scanning the mosaic at a Speed 
different from that at which the surface was 
Scanned. The term 'mosaic' meaning here and 
elsewhere in this specification a multitude of 
mutually insulated tiny conducting elements, as 
used in many systems of television; and "scan 
ning' as likewise used herein is intended to mean 
that electrons from a single Source are directed 
at a number of different points on some other 
element successively. 
When the mosaic is scanned at a higher speed 

than that at Which the surface was scanned, the 
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of a number of contemporaneous messages (this 
term to be understood in a general sense as in 
cluding any intelligence or any portion of any 
intelligence, such as sound or pictures or writing, 
which may be represented by electrical vibra 
tions) through a single transmission channel by 
condensing them in duration during transmis 
Sion. For this purpose, each of a number of 
electron releasing beams is modulated in accord 
ance With a different message, the nodulated 
beams are caused to Scan simultaneously differ 
ent areas of the surface capable of electron emis 
Sion, the electrons emitted from each different 
area of such surface are projected on a different 
area. Of the nosaic, and the Whole of the latter 
is Scanned in a time at the most equal to the time 
occupied in the scanning of an area of the sur 
face capable of electron emission. When, on the 
other hand, the mosaic is scanned at a lower 
Speed than that at which the surface was scanned, 
then the method may be used for transmitting 
messages by Wireless in Such a Way as to render 
pOSSible reduction of the frequency band width in 
transmission particularly of pictures, or the re 
duction of static noises in the reproduction of 
such messages at a receiver. In this case, one 
electron beam is modulated in accordance with 
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the message to be transmitted and is caused to 
Scan the Whole of the surface capable of elec 
tron emission, while different equal sized areas 
of the mosaic are scanned simultaneously at a 
sub-multiple of the speed of scanning of the 
Surface at the most equal to the number of such 
areas, and the signals resulting from the scan 
ning Of each Such area are collected. 
Apparatus for carrying out the method of the 

invention may comprise an envelope containing 
a member capable of electron emission and a 
mosaic also capable of electron emission, means 
for causing each of a number of different areas 
of one of the elements (i. e., the member or the 
mosaic) contained in the cell to be scanned by a 
different electron releasing beam, and means 
for causing the whole of the other such element 
to be Scanned by one electron releasing beam. 
The apparatus may be constructed with the 

member capable of electron emission and the 
mosaic Spaced apart, with the surfaces thereof 
which are Scanned facing each other. In this 
case it is desirable to provide an accelerating 
anode between the member and the mosaic and 
an electronic lens, for example, a condensing 
coil Surrounding the anode, to focus on the mosaic 
electrons emitted from the member capable of 

method may be used to permit the transmission 65 electron emission. On the other hand, the latter 
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(member may be disposed immediately adjacent 
to the mosaic, preferably in the form of a grid 
the bars of which extend in the direction in 
which scanning is effected, the electron releast 
ing beam or beams intended for the scanning of 
the grid being arranged to strike it at such an 
angle that no such beam can strike the mosaic. 
The invention will be more fully described in 

connection with the attached drawing in which 
Figure 1 shows one form of the apparatus with 

the mosaic adapted to be scanned by One elec 
tron releasing bean. 

Figure 2 shows the same form with the mosaic 
adapted to be scanned by a number of such 
bears. . 

Figure 3 shows a different form of the appa 
ratus with the mosaic adapted to be scanned b 
a number of electron beams, and 

Figure 4 is an enlarged detailed cross sec 
tion of a part of the Construction shown in Fig 
ure 3. 
In the form of construction, shown in Figs. 1 

and 2, the apparatus comprises an envelope 
containing a plate 2 capable of electron emission 
and a mosaic 3 also capable of electron emission 
and mounted on an insulating plate. 4 backed 
by a conducting signal plate 5 connected to a 
transmitter. ASSociated with the plate 2 are a 
number of conventionally indicated electron guns 
each mounted in a separate pocket 6 formed in 

the end of the cell nearest to the plate. Coop 
erating with each gun is a modulating electrode 
0 and the usual pairs of deflecting plates f 
and 2. At the opposite end of the envelope 
associated with the mosaic 3 is an electron gun 
3 with which cooperate pairs of deflecting plates 

8 and 9. Between the member 2 and the mosaic 
3 and Surrounding the path of electrons passing 
from One of these elements to the other is an 
accelerating anode 4 inside the cell. Surround 
ing this anode On the Outside of the envelope 
is an electronic lens in the form of a condens 
ing coil 5 acting to focus on the mosaic 3 elec 
trons emitted from the plate 2. 
The construction of Fig. 2 is substantially the 

reverse of that of Fig. 1. In Fig. 2 one electron 
gun Ta, With which cooperates a modulating 
electrode Oa is associated with the plate 2, 
while a number of electron guns 3a are asso 
ciated with the mosaic 3. The mosaic 3 instead 
of being backed by a single signal plate is 
backed by a number of signal plates 6, each of 
which is behind an area of the mosaic adapted 
to be Scanned by One electron releasing beam 
and each of which is connected to a separate 
transmitter. 

In the operation of the apparatus of Fig. 1 for 
the purpose of enabling the transmission of a 
number of contemporaneous messages through 
a single transmission channel, each modulating 
electrode O is supplied with electrical oscilla 
tions corresponding to a different message SO 
that the beam produced by each gun is modul 
lated in accordance with a different message. 
The deflecting potentials applied to the different 
pairs of plates f and 2 are such as to cause 
each beam to scan an area of the plate 2 ex 
tending over the full width of the plate but 
only over a fraction of its height, as is clear 
from the dotted lines in the drawing. The de 
flecting plates 2 may in fact be omitted if de 
sired, in which case each beam scans the plate 
only along a horizontal line, the thickness of 
which is determined by the cross section of 
the beam. 

centrating coil 5. 

10 

5 

20 

30 

35 

2,867,277 
When a beam strikes the plate 2 it causes an 

emission of electrons proportional to its in 
tensity at that moment, this emission being 
helped if desired by connection of the plate 2 
to any appropriate source of potential. The 
emitted electrons are drawn by the anode f4 to 
wards the mosaic 3 and focused on it by the con 

In this way, series of elec 
trostatic charges representing different messages 
are produced on different areas of the mosaic 3 
corresponding respectively to areas of the mem 
ber 2 scanned by different beams. The whole 
mosaic and thus these areas in successsion are 
scanned, in a time at the most equal to that oc 
cupied in the scanning of one area of the plate 
2, by an electron releasing beam produced by the 
electron gun f3, and a series of corresponding 
signals is thus sent to the transmitter in the 
manner well known. Thus, in the example ill 
lustrated, scanning of the mosaic is effected five 
times as fast as scanning on the plate 2. Ob 
viously, the signals transmitted in one scanning 
period will generally represent only a small 
fraction of, say, the full conversations constitut 
ing the messages applied to the electrodes O. 
In the operation of the apparatus of Fig. 2 in 

the transmission of messages by wireless in such 
a way as to render possible the reduction of 
Static noises in the reproduction of these mes 
gages at a receiver, the electrode Oa is supplied 
with Oscillations corresponding to the message 
to be transmitted and the beam from the gun 
la is thus modulated accordingly. The modul 
lated beam is caused to scan the whole of the 
plate 2, and electrons emitted from this plate 
are, as in Fig. 1, caused to strike the mosaic 3 
at positions corresponding to those from which 
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they were emitted from the plate. Different 
areas of the mosaic, each backed by a separate 
signal plate 16 connected to a separate trans 
mitter, are Scanned by electron releasing beams 
from different electron guns 3a in a time at 
the most equal to that occupied for the scan 
ning of the whole of the plate 2. Thus, the 
one-fifth, with the apparatus shown-of the 
message applied to the modulating electrode 
Oa during one Scanning of the plate fo are 

transmitted in a time equal to the actual dura 
tion of the whole of that message, so that their 
frequency is correspondingly reduced. 

Reception of a number of contemporaneous 
messages sent through the same transmission 
channel with apparatus of Fig. 1, is effected 
with the apparatus of Fig. 2. The incoming 
signal, carrying in succession fragments of dif 
ferent messages, is applied to the modulating 
electrode Oa, and the signal plates 6 are con 
nected to receivers for the several individual 
messages. 
Reception of a message transmitted with the 

help of the apparatus of Fig. 2, is effected with 
the apparatus of Fig. 1. The incoming signals, 
each carrying low frequency fragments of the 
message are applied to the control clectrodes 0, 
and the message is reconstituted at its original 
frequency by the rapid scanning of the mosaic 3. 
When the apparatus of Fig. 1 or Fig. 2 is 

used for transmission and that of the other fig 
ure for reception, the number of signal plates 
f6 and electron guns 3a must, of course, corre 
spond to the number of electron guns , and the 
scanning by the plates and 2 must be syn 
chronized with that by the plates 8a and 9a, 
while that by the plates 8 and 9 must be syn 
chronized with that by the plates a and 2a. 
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In Figures 3 and 4 a modification of the ap 

paratus of the invention is illustrated. In this 
modification the member capable of electron 
emission is disposed immediately adjacent to the 
mosaic 3 rather than some distance away from 
and facing it as in Figs. 1 and 2. Instead of be 
ing in form of a plate, the member is in the 
form of a grid 7, the bars 8 of which extend 
substantially parallel to the lines along which 
it is scanned (i.e. horizontally as shown in Fig. 
3). The electron gun Ta is in Such a position 
and directs its beam at such an angle that, as 
shown in Fig. 4, the beam effectively scans the 
grid, but the latter forms a screen to prevent 
the beam from striking the mosaic 3. The elec 
tron guns 3a of which there may, of course, 
be more than the three shown, instead of be 
ing disposed at an angle to the mosaic as in 
Fig. 2 are arranged in the side of the envelope 
opposite to it so that the beams which they 
produce can reach the mosaic directly between 
the bars of the grid. An electrode 9 may be 
used in certain circumstances to aid in control 
ling the movements of the electrons emitted 
by the electron releasing beams. 
The operation of the device shown in FigS. 3 

and 4 is basically the same as that of the devices 
of Figs. 1 and 2. Electrons emitted from the grid 
17 under the influence of the electron releasing 
beam from the electron gun la are attracted to 
the closely adjacent mosaic. Different areas of 
the latter are scanned by beams from different 
electron guns 3a, and the electrons thus emitted 
are collected by the electrode 9. 
Although a device of the kind shown in Fig. 3 

but with one electron gun associated with the 
mosaic and a number of electron guns associated 
with the grid has not been shown, it will be ob 
vious that one of this kind could easily be con 
structed. 

In all cases the scanning of the plate 2 or grid 
7, as the case may be, and of the mosaic 3 may 

be continuous. However, it may be in Some cases 
found desirable to scan these elements alternate 
ly. In this case two identical devices could be 
connected somewhat in the manner shown in my 
application, Serial No. 189688, filed February 9, 
1938. Such an arrangement might be particul 
larly desirable in the case of the device shown 
in Fig. 3, since if scanning of the two elements 
were effected alternately, the potential of the 
electrode 9 could be made more positive during 
scanning of the mosaic than during scanning of 
the grid. Without this, there might be some dis 
tortion in the use of the device as a result of 
electrons emitted from one element of the mosaic 
returning to another instead of going to the elec 
trode 9, the potential of which could not be 
made too positive without attracting to it elec 
trons emitted from the grid which should have 
gone to the mosaic. 
The invention is not intended to be limited 

to the devices specifically described and illus 
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3 
trated, since they could be modified in many 
ways. For instance, both the plate or grid and 
the elements of the mosaic might have coatings 
of photoelectric material, and light beams be 
used instead of electron beams. Again the areas 
of the plate 2 or the grid scanned by beams from 
the electron guns 7 need not all be of equal size. 
For example, if the apparatus were used for the 
transmission of pictures and Sound Over the same 
circuit in television, the area covered by the 
beam modulated by picture currents might be, 
say, ten or more times that covered by the sound 
current nodulated beam. The result of this 
would simply be that the frequency of transmis 
sion of the picture currents would be negligibly 
increased While that of the transmission of the 
sound currents would be very greatly increased. 
This application is a continuation in part of 

my application, Serial No. 252,030, filed January 
20, 1939, now Patent No. 2,277,516. 
What I claim as my invention is: 
1. The method of changing the frequency of 

a signal in apparatus including a mosaic capable 
of electron emission, an electron releasing beam 
modulated by the signal, and a beam of electrons 
having energy releasing power substantially 
greater than that of the electron releasing beam, 
which comprises scanning said mosaic with said 
modulated electron releasing beam to form a rec 
ord of said signal on said mosaic, and scanning 
the record On Said mosaic with said beam of elec 
trons at a speed different than that of the scan 
ning with said electron releasing beam. 

2. The method of changing the frequency of 
a signal in structure including a surface capable 
of electron emission, a first electron releasing 
beam, a mosaic capable of electron emission, and 
a Second electron releasing beam, which com 
prises modulating said first releasing beam by 
the signal, Scanning said surface with said modu 
lated beam, projecting the electrons emitted from 
said surface on to said mosaic, and scanning said 
mosaic with said second electron releasing beam 
at a speed different from that at which said sur 
face was Scanned. 

3. The method of transmitting a number of 
contemporaneous messages through a single 
transmission channel by condensing them in du 
ration during transmission in apparatus includ 
ing a plurality of electron releasing beams, a sur 
face capable of electron emission, a mosaic ca 
pable of electron emission, and a further elec 
tron releasing beam, which comprises modulat 
ing each of Said plurality of electron releasing 
beams with a different message, scanning simul 
taneously different areas of said surface with said 
modulated beams, projecting the electrons 
emitted from each different area of said surface 
on a different area of said mosaic, and scanning 
the entire mosaic with said further beam in a 
time at the most equal to the time occupied in 
the scanning of an area of said surface. 
FRANCOIS CHARLES PIERRE HENROTEAU, 


