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This invention relates to communication Sys 
tems, and more particularly to such systems in 
which the phase or frequency of a carrier wave 
is modulated in accordance with intelligence to 
be transmitted. 

It is usual to modulate the frequency of the 
carrier wave by causing the oscillation generator 
which generates the carrier wave to change its 
operative frequency in accordance with the sig 
nal or intelligence to be transmitted. Such a 
System is inherently liable to allow the average 
or center frequency of the modulated carrier wave 
to drift, since the oscillator cannot be crystal Con 
trolled but must be sensitive to influences which 
cause its frequency to change. For communica 
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tion work, and particularly for broadcast work, 
it is highly desirable to have the oscillation gen 
erator of a transmitter crystal controlled so that 
its average or mean frequency is maintained Con 
stant with a high degree of accuracy. 

It is usual in phase modulation systems to pro 
vide a crystal controlled Oscillation generator 
which maintains a mean or average frequency 
of the transmitter constant with a high degree 
of accuracy, but there are other undesirable com 
plications. Phase modulation, if used without 
modification, requires enormously wide frequency 
bands for its operation if any but relatively low 
signal frequencies are transmitted. That is, it 
is a characteristic of a phase modulation System 
that carrier wave frequency is shifted in an 
amount proportional not only to instantaneous 
signal intensity but also to instantaneous signal 
frequency. Of more practical importance is the 
fact that arrangements so far known for produc 
ing phase shift of the carrier Wave in response to 
the instantaneous intensity of a signal have been 
capable of shifting the phase of the carrier wave 
Only a fraction of one-half cycle at the most, and 
to obtain substantial frequency modulation it has 
been necessary to multiply the carrier wave fre 
quency many times, making it necessary to use 
large numbers of multiplier tubes in any System 
in which it was desired to provide a substantial 
amount of frequency modulation in comparison 
with the highest signal frequency to be trans 
mitted. Furthermore, it has been necessary to 
provide special circuit arrangements for modi 
fying the modulating signal voltage in such phase 
modulation systems if it were desired to make 
them operate in such a way, as to produce fre 
quency modulation. 

It is an object of my invention to provide a new 
and improved system for producing such types 
of modulation in which fewer parts are required 
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2 
and Over-all simplicity and cheapness is obtained. 

It is also an object of my invention to provide 
an arrangement which is capable of producing 
tinning modulation (such as phase or frequency 
modulation) with a minimum number of vacuum 
tubes and with sufficient simplicity that a trans 
mitter incorporating my invention may be readily 
utilized in vehicles and will require that mini 
mum power be supplied by such vehicles. 

It is a more specific object of my invention to 
provide a phase modulation system in which the 
need for large amounts of signal frequency modi 
fication is obviated. 
Another object of my invention is to provide a 

frequency modulation system in which crystal 
control of the Oscillation generator equivalent to 
that heretofore obtained in phase modulation 
Systems is provided with a maximum of simplicity 
and a minimum number of discharge devices. 
In general, it is also an object of my invention 

to provide such a system and its various compo 
nent parts, in which the parts are especially de 
signed to cooperate with each other in the sys 
tem to carry out a maximum number of functions 
necessary and desirable in such systems with a 
minimum number of such parts. 
The features of the present invention which 

are believed to be novel are set forth with par 
ticularity in the appended claims. The present 
invention itself, both as to its organization and 
manner of Operation, together with further ob 
jects and advantages thereof may best be under 
stood by reference to the following description 
taken in connection with accompanying draw 
ings in which: 

Figure 1 illustrates a section, partly broken 
away, of a Special electron discharge device use 
ful in carrying out the invention: 

Figure 2 is a perspective view of a detail of 
Figure ; 

Figure 3 is a developed view of a portion of the 
device of Figure 1; 

Figure 4 is a developed view of another portion 
of the device of Figure 1; 

Figure 5 is a perspective view which is helpful 
in understanding certain operating characteris 
tics of the device of Figure 1; 

Figure 6 is a view similar to Figure 5 under 
certain different operating conditions; 

Figure 7 is an elevational view of a detail of 
Figure 1; 

Figure 8 illustrates an alternative form of a 
Special electron discharge device useful in the 
invention, and shows sections of the device taken 
at right angles to each other; 
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Figure 9 shows a modified form of the device 
somewhat similar to that illustrated in Figure 8; 

Figures 10 and 11 illustrate a simple form of 
the special discharge device useful in the inven 
tion and shows certain operating characteristics 
thereof; 

Figures 12 through 15 illustrate still other 
modified forms of the special electron discharge 
device useful in the invention; 

Figure 16 shows schematically a circuit ar 
rangement including a special discharge device 
and arranged together therewith to carry out 
certain of the aspects of the invention; and 

Figure 17 illustrates still another circuit ar 
rangement including a similar special electron 
discharge device and arranged together there 
with to carry out certain other aspects of the 
invention. 

Hereinafter, the term "timing modulation' is 
used to mean any modulation of a carrier wave 
in which a time dependent characteristic of the 
Wave is modulated in accordance with a signal, 
as, for example, phase or frequency but not am 
plitude. 

In a timing modulation system arranged ac 
cording to this invention a special electron dis 
charge device is utilized in which a beam of 
electrons is generated, the electron distribution 
of such beams being periodically altered thereby 
to cause an electron density wave, which may be 
either transverse or longitudinal, to move past 
or across an output electrode recurrently at a 
speed controlled in accordance with frequency 
of a carrier wave whose phase or frequency is 
to be modulated. This wave is advanced or re 
tarded in its passage recurrently past or across 
the output electrode by a magnetic field produced 
in response to modulating signals. When the 
magnetic field is of one polarity the electron 
density wave is advanced ahead of the position 
it would assume in the absence of the magnetic 
field, such position being recurrently moved past 
the output electrode, and current generated from 
the output electrode by the passage of the wave 
past it is correspondingly advanced in phase. 
Similarly, when the magnetic field is of the op 
posite polarity, the wave is retarded during its 
passage acroSS the electrode and the phase of 
the current generated in the electrode is cor 
respondingly retarded. 
In Figure 1 a preferred form of this special 

electron discharge device is illustrated in which 
within an evacuated envelope , a cathode 2, 
focusing anodes 3 and 4, electron beam gener 
ating and altering control electrodes 5 and 6, 
focusing anodes 7 and 8, a first anode electrode 
9, a suppressor electrode 0, and a second anode 
electrode ff, are supported. Cathode 2, as illus 
trated, is of the indirectly heated type and in 
cludes a metal cylinder around the central por 
tion of which an electron emissive layer 2 is 
coated, and inside of which a filamentary heat 
ing element f3 is placed. The filamentary heating 
element 3 is supplied with suitable heating cur 
rent through a twisted pair of conductors 4, so 
that the tubular Cathode 2 is heated sufficiently 
to cause the electron emissive coating f2 to emit 
electrons. 
The two focusing anodes 3 and 4 surround the 

tubular cathode 2 and are coaxial therewith, and 
they present adjacent edges toward one another 
between which there is a gap through which 
electrons from the emissive surface 2 may be 
projected radially from the tubular cathode 2. 
The focusing anode 3 is connected through a 
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4. 
Suitable conductor S to a conductor which 
is connected between the focusing anode 4 and 
a suitable source of potential which is positive 
with respect to the cathode 2, so that electrons 
which are attracted by the focusing anodes 3 
and from the surface f2 to a large extent pass 
through the gap between the anodes 3 and 4 and 
are thus projected radially from the layer 2. 
The control electrodes 5 and B, to be described 

more fully hereinafter, lie on opposite sides of 
the circular disc of electrons emitted radially 
from the surface 2. These control electrodes 
5 and 6 are Suitably sub-divided into small con 
trol elements or surfaces to which suitable multi 
phase high frequency potentials are applied to 
cause the formation of an electron beam and to 
alter the electron distribution of the electron 
beam so formed thereby to cause an electron 
density wave, which is of a transverse nature in 
this preferred embodiment, to move circumfer 
entially around the emissive layer 2. 
The focusing anodes 7 and 8 are similar in 

shape to the focusing anodes 3 and 4 and are 
also concentric with the cathode 2. These focus 
ing anodes 7 and 8 have adjacent edges facing 
each other across a gap just outside of the control 
electrodes 5 and 6 and they are maintained at a 
positive potential with respect to the cathode 2 
so that electrons emitted radially from the cath 
Ode surface 2 and projected between anodes 
and 4 are further attracted by the positive elec 
trodes 7 and 8 past the control electrodes 5 and 
and projected further in the form of a disc. The 
potentials of the focusing anodes 3, 4 and , 
are adjusted so that this radial disc of electrons 
is focused so that the disc has a sharp edge like 
that of a discus at a certain radius from the 
cathode 2. The anode 9 surrounds the Cathode 2 
concentrically therewith and its radius is such 
that it intercepts the disc of electrons in a 
sharply defined line except where there are cut 
out portions between the elemental areas , , 
f 9 and 20, etc. These elemental areas of the 
anode 9 are alternately disposed along opposite 
sides of a line defined by the sharply focused 
edge of the disc of electrons formed without any 
potential applied to the control electrodes 5 and 6. 

Electrons pass through the apertures in the 
first anode 9 and then through the Suppressor 
electrode 0 and are finally collected upon the 
second anode electrode which is connected 
through a suitable conductor 2 with a source 
of potential which is positive with respect to the 
cathode 2. 
The entire assembly of elements is maintained 

in proper spaced relation for the described oper 
ation by a pair of mica discs 22 and 23 which are 
centrally apertured to maintain the cathode 2 
in coaxial relation with the envelope . The 
focusing anodes 7 and 8 are respectively fas 
tened to these mica sheets 22 and 23 by suitable 
fastening means such as the illustrated rivets 24 
and 25. Two spacing rings 26 and 27, of suitable 
material, lie concentrically within the focusing 
anodes 7 and 8 against the mica sheets 22 and 
23 and maintain a pair of insulating rings 2 
and 29 within suitable folds of the focusing 
anodes 7 and 8. Rings 28 and 29 in turn support 
the focusing anodes 3 and 4. The control elec 
trodes 5 and 6 are respectively supported on con 
ducting and supporting rings 30, 3, 32, 33, S4 
and 35, which are in turn supported respectively 
on the insulating rings 28 and 29. The conduct 
ing and supporting rings 33, 34 and 35 are con 
nected through suitable conductors 36, which 
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extend through the insulating ring 29 and 
through the mica disc 2 to three corresponding 
conductors 87, which extend through the mica 
disc 22 and through the insulating ring 28 to re 
spective connections with the conducting and 
supporting rings 30, 3 and 32. Multi-phase volt 
ages impressed on the three conductors 3 form 
an electrostatic field between the control elec 
trodes 5 and 6 in such a manner as to modify 
the shape of the electron disc passing between 
them as described more fully hereinafter. 
The focusing electrodes 7 and 8 not only act 

in focusing the disc of electrons projected radi 
ally from the surface 2 but also act to concen 
trate magnetic flux between their adjacent edges 
through the electron disc. To this end the focus 
ing anodes 7 and 8 are made of ferromagnetic 
material. The rivets 24 and 25 respectively hold 
magnetic flux directing members 38 and 39 
against the mica pieces 22 and 23 in such a po 
sition that magnetic flux developed by current 
flowing through a coil 40 wound around the en 
velope concentrically with the cathode 2 passes 
inwardly through the flux directing member 38 
and focusing anode 7, and then across the gap 
between the focusing anodes 7 and 8 and on 
ward through the focusing anode 8 and flux di 
recting member 39, and thus back around the 
coil 40. The action of this flux across the gap 
between focusing anodes 7 and 8, upon the elec 
tron disc is to impart to individual electrons 
within the disc velocity components which are 
tangential to circles centered around the cath 
ode 2. 
The anode 9 is formed with inwardly turned 

flanges 4 and 42, which are respectively fas 
tened to the mica discs 22 and 23 by fastening 
means such as rivets 43 and 44. 
The focusing anodes 7 and 8 are maintained 

at a potential positive With respect to cathode 
2 by connection through the rivets 24 and 25 and 
the flux directing members 38 and 39 and Con 
ductors 45 and 46 to a suitable Source of Such 
positive potential. The anode 9 is connected 
through suitable conductors 47 and 48, connected 
with rivets 43 and 44, to a suitable source of po 
tential positive with respect to cathode 2. 
The suppressor electrode 0 is wound on suit 

able supporting posts, such as the post 49, which 
have ends projecting respectively through the 
mica disc 22 and 23, and the suppressor electrode 
is connected through those posts and through a 
conductor 50 to the cathode 2. 
The second anode electrode it is supported on 

similar supporting posts such as the post 5 
whose opposite ends project through the mica, 
discs 22 and 23 and this electrode is connected 
through the post 5 and conductor 2 and 
through a load to a suitable source of potential 
sufficiently positive with respect to the cathode 2 
to assure that no electrons passing through the 
suppressor electrode O can return to the elec 
trode 9. 
A cylindrical shielding element 52 is fastened 

around the edges of the mica discs 22 and 23 and 
is connected through a conductor 53 and through 
conductor 50 to the cathode 2. 
The entire assembly is supported by conven 

tional means, not illustrated, concentrically with 
in the envelope f, and such conventional means 
may, for example, be spring strips punched out 
of the shield 52 and bent outwardly to press 
against the envelope and maintain the whole 
assembly substantially concentric within the en Velope. 
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The sectional view shown in Figure 1 shows 
the flux directing members 38 and 39, which are 
only two of eight similar members. Two others 
S4 and 55 are illustrated extending outwardly 
from the mica discs 22 and 23 in a direction at 
right angles to that in which the members 38 
and 39 extend. It is to be understood that the 
entire arrangement is symmetrical about the 
cathode 2. 
By way of example, with the particular con 

struction shown, which is one of the preferred 
forms of the special electron discharge device 
required for the use of this invention, the follow 
ing electrode potentials are approximately those 
necessary to form the described electron disc. 
The anodes 3 and 4 are maintained about 12 volts 
positive with respect to cathode 2. The control 
electrodes 5 and 6 are maintained about 35 volts 
positive with respect to cathode 2, and the anodes 
T and 8 are maintained about 55 volts positive 
with respect to cathode 2. The second anode 
electrode is preferably maintained at a higher 
positive potential with respect to the cathode 2 
than any other electrode in the device in order 
to maintain a uniform electrostatic field inside 
the anode electrode 9, and a voltage of about 250 
volts positive with respect to cathode 2 is suitable 
where the anode electrode 9 is maintained at 
about 100 volts positive with respect to cathode 
2. The voltage of the anode 9 should be adjusted 
along with the voltages of the focusing anodes 
3, 4, 7 and 8 to cause the formation of the elec 
tron disc described so that the electrons in the 
disc focus in a sharp line at the Surface of the 
anode 9. With such electrode potentials poly 
phase alternating voltages of the order of 10 
volts may be impressed on control electrodes 5 
and 6. In Figure 2 a detail of One portion of 
the control electrode 6 is illustrated in which the 
conducting and supporting rings 33, 34 and 35 
appear in large scale to show the manner of 
their connection with the individual elements of 
the control electrode 6. These individual ele 
ments are labeled a, b and c, consecutively and 
recurrently, and all elements labeled a are con 
nected with the conducting and supporting ring 
35. Similarly, all elements labeled b are con 
nected with ring 34 and all elements labeled c 
with ring 33. Upon the application of a three 
phase voltage to the conductors 37 and thereby 
to the rings 33, 34 and 35, the control electrode 
elements which are labeled in groups a, b and C 
are excited in groups with the respective indi 
vidual phase voltages of that three phase volt 
age. The entire control electrode 6, and similatly 
the control electrode 5, where it is to be excited 
with a three-phase voltage is formed of a num 
ber of the elements a, b and c which is a mul 
tiple of 3, so that the numbers of elements in 
the three groups a, b and c are equal. 
In Figure 3, there is shown a developed view 

around the circumference of control electrode 5 
and 6 showing the individual elements of the 
control electrodes 5 and 6. The elements a, b 
and c of control electrode 5 are arranged in stag 
gered relation with respect to the elements a, b 
and c of the control electrode 6 so that a three 
phase voltage applied to these two control elec 
trodes creates an electrostatic field between them 
which at one point bends the electron disc to 
ward electrode 5 and at another point circum 
ferentially around cathode 2 from that first point 
bends the electron disc in the opposite direction 
toward electrode 6. That is, an element c of elec 
trode 6 is opposite a point midway between ele 
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ments a and b of electrode S. and an element a 
of electrode B is opposite a point midway between 
elements b and c of electrode 5. Similarly, an 
element b of electrode is opposite a point mid 
way between elements c and a of electrode 5. 
consequently when voltages of three equally 

displaced phases are applied to the elements a, b 
and c, at a particular instant when the elements 
c are most negative, the elements a and b are 
approximately at a potential which is half of 
their maximum positive value, and electrons 
passing between one element c and the Opposite 
elements a and b are deflected sideways toward 
the elements a and b. Since in all cases elec 
trons are therefore deflected in a direction par 
allel to the cathode 2 away from every element 
c in either of the control electrodes 5 and 6, the 
electron disc is warped so that its edge, when it 
is viewed edgewise, appears scalloped. 

If three phase voltages are applied to the 
element groups a, b and c of the electrodes 5 and 
6, the potentials of the three groups constantly 
change so that the electrons of the disc are de 
flected in a direction parallel to the axis of cath 
ode 2 alternately in succession from each of the ; 
three element groups a, b and c of the control 
electrodes 5 and 6. In consequence, the Con 
volutions or scallops on the edge of the electron 
disc appear to rotate around the cathode 2 as 
an axis in a manner analogous to the rotation 
of the magnetic field developed in a multiphase 
electric motor armature. In other words, periodic 
axial electron displacement in response to appli 
cation of multiphase potentials to the control 
electrodes 5 and 6 causes a uniform velocity elec 
tron density wave to progress continuously and 
recurrently along the path of the anode segments 
7, 8, 9, 20, etc. 
Usually the three phase voltage applied to the 

conductors 37 will be of high frequency, Such as 
is commonly used for carrier wave purposes, and 
the apparent revolution of the convolutions or 
scallops of the outer edge of the electron disc 
will be extremely rapid. 
The apertures between the alternating oppo 

site areas T, 8, 9, 20, etc., of the anode 9 
correspond exactly to the convolutions or scallops 
in the edge of the electron disc as described. That 
is, there are as many of the areas , 18, 9, 
20, etc., in the anode 9 as there are elements in : 
any one of the groups a, b or c of both of the 
electrodes 5 and 6 taken together. For example, 
as illustrated, there are twenty-four of the areas 

, 8, 9 and 20 of the anode 9, and there are 
twelve elements in each of the groups a, b and C 
in each of the control electrodes 5 and 6. 

In Figure 4 the anode 9 is shown in developed 
form and a sinusoidal line 56 is drawn about the 
line dividing the areas 7, 9, etc., on one side 
of the anode 9 from the areas 8, 20, etc., on 
the other side of the anode 9. The line 56 rep 
resents the thin convoluted edge of the electron 
disc where it is focused sharply on the anode 9. 
Of course, the line 56 represents the edge of 
the electron disc only at one particular instant. 
At such an instant inspection of the line indi 
cates that some electrons from the disc impinge 
upon the segmental areas 7, 8, 9 and 20 of 
the anode 9 and other electrons of the disc pass 
through the apertures between those areas. At 
the instant represented by the line 56 more elec 
trons pass through the apertures than impinge 
On the segmental areas and if the sequence and 
amplitude of the three phase voltage applied 
to conductors is such that the line advances 
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upwardly as shown on the anode 9, after a small 
fraction of a cycle the number of electrons in 
pinging on the anode 9 increases and the num 
ber of electrons which pass through the aper 
tures in the anode correspondingly decreases un 
till such numbers are equal. At succeeding in 
stants of time the number of electrons imping 
ing on the anode 9 continues to increase until 
the line 56 intersects the contiguous corners of 
the areas 7, 8, etc., at which time all of the 
electrons in the electron disc impinge upon an 
ode 9. 

Thereafter, as the line 56 advances further 
electrons in increasing numbers again pass 
through the apertures in anode 9 and the num 
ber of electrons impinging upon anode 9 decreases 
with respect to time until the line 56 again inter 
sects contiguous corners of the areas , , etc., 
at which time substantially all electrons pass 
through the apertures in anode 9 and a minimum 
number impinge upon it. 
This action continues recurrently so that an 

alternating electron current is produced in the 
anode 9 of a frequency equal to the frequency 
of the three-phase voltage impressed on con 
ductors 37. 
As explained briefly in connection with a de 

Scription of the coil 40 and the ferromagnetic 
focusing anodes 7 and 8, whenever current trav 
erses the coil 40, flux passes between the edges 
of anodes 7 and 8 and thus through the electron 
disc. Since electrons in this disc are moving 
radially outward from the cathode 2, magnetic 
flux perpendicular to their path of travel in 
duces additional electron motion in a direction 
mutually perpendicular to the magnetic flux and 
to the initial direction of electron travel, with 
the result that the convolutions of the edge of 
the electron disc at the anode 9 are advanced 
or retarded with respect to the positions they 
would have occupied in the absence of such a 
magnetic field. In consequence, current flowing 
through the coil 40 in one direction or the other 
produces a corresponding advance or retardation 
in the phase of the current in the anode 9. Viewed 
in another way, the electron density wave pro 
gressing along the path of the anode segments 

7, 8, 9, 20, etc., is accelerated or decelerated 
in accordance with amplitude variations of the 
modulating signal impressed on co 40. 

In Figure 5 there is a perspective view of a por 
tion of the described electron disc as it would ap 
pear if it could be seen, at a time when no cur 
rent is going through the coil 40. The line 56 
forms the outer edge of the convoluted disc and 
the central portion of the disc is illustrated as 
having substantially a thickness equal to the 
length of the emissive cathode surface 12. 

In Figure 6 the electron"disc illustrated in Fig 
ure 5 is shown in the manner in which it would 
be modified in the presence of current flowing 
through the coil 40. As illustrated, individual 
electrons take paths to the line 56 which depart 
from the radii of the disc, that is electrons 
emitted from the emissive cathode surface 2 and 
thereafter deflected to one side or the other by 
the respective elements of the control electrodes 
5 and 6 are further deflected circumferentially 
around the disc so that its edge convolutions are 
displaced circumferentially from the positions 
they would have occupied in the absence of cur 
rent in the coil 40. Comparison of the shapes 
of the discs in Figures 5 and 6 makes immediately 
evident this deformation in the electron disc due 
to the flow of current in coil 40, 
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In Figure a view in elevation of the control 
electrode B, together with surrounding electrodes, 
taken from a plane perpendicular to the axis of 
cathode 2 illustrates more clearly the action of 
the second focusing anodes 7 and 8 in concen 
trating magnetic flux from coil 40 to cause dis 
placement of the point of impingement of an 
electron substantially in proportion to the change 
of magnetic flux intensity. In this figure ele 
ments corresponding with those in Figure 1 are 
given like reference numerals. The straight dot 
ted line extending between cathode 2 and anode 
element 9 indicates the path of travel of an elec 
tron in the absence of a magnetic field, and the 
dotted line extending from the interception of 
the first line with the ferro-magnetic focusing 
anode 8 to the anode element f indicates how 
the path of electron travel is changed in the 
presence of a concentrated magnetic field be 
tween the ferro-magnetic focusing anodes 7 and 
8. It is evident from the geometry of this figure 
that if the path of every electron were to extend 
radially from cathode 2 in the presence or ab 
sence of a magnetic field the displacement of the 
point of impingement of such path on one of the 
anodes would be proportional to the intensity of 
the magnetic flux inducing such displacement. 
To produce such displacement and maintain. 
electron travel radial, magnetic flux would have 
to be concentrated at cathode 2. It is also evi 
dent that if the path of an electron is caused 
to deviate gradually from the straight dotted line 
extending to anode element 9 as by flux 
throughout the electron path, that path where it 
intercepts one of the anodes 9, f would be curved, 
and, by reason of the gradual curvature of the 
electron path, the displacement of the point of 
infringement from the point where the dotted 
line intercepts anode segment 9 would be greater 
than the displacement which would occur if the 
electron path deflection were concentrated at the 
surface of the cathode 2. This can be seen more 
readily if it be first considered how this displace 
ment would be affected if the two anodes lay 
in plane surfaces rather than in cylinders. Ob 
viously, if the anode elements lay in plane sur 
faces there would be a critical amount of mag 
netic flux which would cause the electron path 
to curve sufficiently that it would never reach 
either anode and slightly less flux would cause 
the electron to reach one of the anodes at a point 
far removed from the point at which it would 
have impinged in the absence of magnetic flux. 
The same is true of cylindrical anodes. 
By concentrating the curved portion of the 

path of electron travel in as short a distance 
as possible as near as possible to the center of 
the cathode 2 by means of concentrating the 
magnetic flux at such position, as for example 
by members 38 and 39 or by other suitable means, 
non-linearity caused by the disproportionality 
between magnetic flux intensity and resultant 
displacement of the point of impingement of an 
electron on one of the anodes is reduced sub 
stantially, with the result that in a practical dis 
charge device of this type a sufficient amount of 
magnetic flux may be utilized with reasonably 
good proportionality between the total amount 
of that flux and resulting electron displacement 
to cause that displacement to be as much as the 
circumferential distance around three adjacent 
anode elements which correspond to two com 
plete cycles of the alternating anode current 
which is generated in the anode elements by the 
passage of the electron density wave thereacross. 
That is, this discharge device is capable of pro 
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ducing a phase shift in a carrier wave trans 
ferred through it at least two full cycles (720°) 
in either direction in response to modulating sig 
nal currents flowing through coil 40. 
There is one important characteristic of a 

System which utilizes any of the special forms 
of electron discharge device in this invention in 
order to minimize distortion. In any form of 
such discharge device the electrostatic field pat 
tern created by the control electrode structure 
must rotate at all points within itself at substan 
tially uniform velocity. This can be achieved 
most easily by making the control electrode struc 
ture Symmetrical with respect to the cathode and 
by placing the control electrode elements out of 
the path of the electron beam, as is done in the 
form of discharge device illustrated in Fig. 1, or 
by skewing the control electrode elements to make 
them appear substantially continuous with re 
spect to the electron emission, or by utilizing 
both of those two measures. 
That is, in the form of electrode structure 

shown in Fig. 2 the individual control elements 
a, b and c should be positioned, not radially, as 
shown but each at some substantial angle to a 
line through the center of the cathode 2, the 
angle being just enough so that each element a, 
for example, subtends an angle, whose apex is 
at the center of the cathode 2, approximately 
equal to 360 divided by the total number of the 
control elements a, b and c. It is preferred to 
arrange the control elements a, b and c in Fig.2 
in this fashion when they are used in the device 
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illustrated in Fig. 1. 
In Fig. 8 there is illustrated an alternative 

form, shown schematically, of a discharge device 
similar to that shown in Fig. 1 but having the 
control electrode structure formed of wires lying 
within the electron stream coming from the 
Cathode. In the schematic view a cathode 57 
acts as a Source of electrons and is surrounded 
by a control electrode structure 58 in the form 
of a squirrel cage. In the electrode structure 58 
every third conductor or control element is con 
nected together and to one phase conductor of a 
three phase voltage supply in a manner similar 
to the connections of the elements a, b and c of 
Figs. 1 and 2. It is to be understood that any 
multiphase source of voltage may be utilized to 
energize any of the control electrode structures 
illustrated, provided those structures are con 
nected in a suitable manner to create a smoothly 
rotating electrostatic field pattern. 
Surrounding the control electrode structure E8. 

there is a first anode which includes anode ele 
ments 59, 60, 6, etc., corresponding in number 
to the number of groups of three of the control 
electrode structure 58. These anode elements are 
Spaced apart by distances substantially equal to 
their circumferential widths. A second anode 62 
surrounds the anode formed of elements 59, 60, 
6, etc., and both of the anodes 59, 60, 6 and 62 
are maintained at positive potentials with respect 
to Cathode 57 so that electrons projected from 
Cathode 5 and formed into a beam by the con 
trol electrode structure 58, as the electron density 
wave progresses around the cathode 5T, all elec 
trons impinge simultaneously either on the anode 
elements 59, 60 and 6 or on the second anode 62. 
The action of the electrode structure 58 in setting 
up the electron density wave is substantially 
identical with the action of the electrode struc 
ture 5 and 6 of Fig. 1 and need not be explained 
here in detail. It is to be noted that the electron 
density wave set up by the structure of Fig. 8 is 
longitudinal in nature, as contrasted with the 
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transverse electron density wave induced by the 
structure of Figure 1. 

suitable provision. not illustrated in Fig. 8, is 
made for the production of alternating magnetic 
flux extending parallel to the long axis of cath 
ode 57 in the space between cathode 57 and the 
first anode so that the electron paths, of which 
one is diagrammatically illustrated, are bent in 
one direction or the other as illustrated by line. 
In the right hand portion of Figure 8, like 

numbers being given to the elements illustrated 
in the two portions of that figure, cathodes, 
control electrode structure 5, first anode 5, and 
second anode 62 are illustrated as having sub 
stantial length in the direction of the axis of 
cathode 57. While it is possible to induce a mag 
netic field in the space between cathode 57 and 
the first anode 59 by means of a simple coll placed 
coaxially with cathode 57 at one end of the de 
vice, such a coil has a disadvantage generally that 
the magnetic flux is distributed more or less und 
formly through the space between cathode 5 and 
anode 59. 

It is preferred to concentrate that magnetic 
flux, which acts to modulate the direction of 
travel of the individual electron paths, as indi 
cated by line 63, and thereby to modulate the 
phase of alternating current induced in the anode 
elements 59, 60, 6 and in the anode 62. It is 
preferred to concentrate that magnetic flux as 
much as possible in the region directly around the 
control electrode structure 58. Such concentra 
tion of the magnetic flux in the initial part of the 
path of such an electron beam as is generated in 
the special discharge devices described herein re 
duces distortion to a great extent. To increase 
the magnetic flux in any discharge device of the 
kinds herein described, tends to bend the path of 
electrons away from the position it would have in 
the absence of a deflecting magnetic flux more 40 
and more rapidly as the amount of such flux in 
creases. That is, the amount of displacement of 
the point on the anodes at which an electron in 
pinges increases at a rate greater than propors 
tional to the increase of magnetic flux intensity 
where the magnetic flux is distributed through a 
substantial part of the space between the cathode 

and the tube output anode. 
If, on the other hand, the magnetic flux is ap 

plied only to the initial part of the path of an 
electron, the electron is deflected initially and 
follows a substantially straight line thereafter, 
with the result that the amount of displacement 
of the point where the electron impinges on One 
of the anodes is much more nearly proportional 
to the intensity of the magnetic flux. This 
reasoning follows the same line as that set forth 
with respect to Figure 7 in which it is explained 
how the action of focusing anodes 7 and 8 in con 
centrating the magnetic flux produces this 
greater proportionality. 

s 

s 

It should be noted that the amount of deflec 
tion need not be decreased by such concentration 
of the magnetic flux provided the total amount of 
the flux is the same. 

In Figure 9 there is illustrated an arrange 
ment in which a discharge device similar to that 
illustrated schematically in Figure 8 is provided 
with flux concentrating means including iron pole 
pieces 4 and 65. Although the electrodes illus 
trated in Figure 9 are substantially shorter in the 
direction of the axis of the cathode than are 
those in the device of Figure 8, they are given 
like reference numerals because their action in 
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generate alternating currents in the output 
anodes is substantially the same. These pole 
pieces 4 and BS have cupped faces adjacent the 
control electrode structure 8 which act to con 
centrate substantially all of the magnetic flux 
within or near the cylinder formed by the con 
trol electrode structure 58. The electrodes of this 
device are made short in order that the distance 
between these cupped faces of the pole pieces 
and BS may be kept small with respect to the area 
of the faces of those pole pieces in order that they 
shall act eficiently in producing the desired flux 
concentration. 

All of the forms of the special discharge device 
described herein may be regarded as modifica 
tions of a simple form illustrated in Figures 10 
and 11. In the device shown schematically in 
Figure 10, a flat or plane cathode 66 serves as a 
source of electrons and a control electrode struc 
ture BT lying in a plane parallel to the cathode 66 
is arranged to form electrons from the cathode 6 
into beams moving linearly across the surface of 
the cathode 66. First anode elements 68, 69 and 
70, corresponding in number to the number of 
groups of three of the elements of the control 
electrode structure 67 lie in the path of the elec 
tron density wave set up by these electron beams 
and are spaced apart in the direction of travel of 
the wave by an amount substantially equal to 
their length in that direction. A second anode 
parallel with cathode 66 lies beyond the anode 
elements 68, 69 and 70 and intercepts any elec 
trons which do not impinge upon those first 
anode elements. 
As illustrated in Figure 11, a magnetic field 

traversing the space between the cathode 66 and 
the two anodes bends the electron beam in a di 
rection mutually perpendicular to the direction of 
motion of the electron density wave and to the 
direction of motion of individual electrons in the 
beam, as illustrated by the dash lines 72 and 3 
which define the boundaries of one electron beam. 
If the magnetic field extends in the same direc 
tion with the reverse polarity, the bending of the 
electron beams is opposite to that illustrated. 
The phase of alternating currents induced by the 
impingement of electron beams upon the anode 
elements 68, 69 and 70 or upon the anode is 
respectively advanced or retarded in the presence 
of such magnetic flux. 
In Figure 12 an alternative form of the device 

shown in Figure 8 is illustrated in which like 
elements are provided with similar reference nu 
merals and in which a somewhat different Con 
trol electrode structure T4 is provided. This con 
trol electrode structure, instead of being Com 
posed of substantially round wires, is formed of 
substantially flat strips of metal with their long 
est width dimensions lying radially from cathode 
57 and with their long dimensions skewed heli 
cally around cathode 57 enough to present a sub 
stantially unbroken electrostatic Surface to the 
cathode. These skewed strips aid in causing the 
electrostatic field pattern which they produce to 
rotate at uniform velocity, as explained in con 
nection with a possible modification of Fig. 1. 
It is preferred to use such flat strips in forming 
a control electrode structure for such a device 
because the controlling action of the composite 
control electrode structure so formed is more eff 
cient in producing a smoothly rotating electron 
density wave. 

In Figure 13 still another form of the special 
discharge device is illustrated schematically in 

producing rotating electron density waves which 78 which electron beams are formed in the shape 
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of discs which are caused to travel linearly from . 
One end of the cathode to the other, remaining 
Coaxial With the cathode. In this form of the 
device a cathode 5 is surrounded by a control 
electrode structure which includes several rings 
76, each of these rings being concentric with 
cathode 75 and lying in parallel equally spaced 
planes all perpendicular to the axis of cathode 
75. The rings 76 are grouped for multiphase 
connection and are suitably connected to a source 
of multiphase voltage so that they cause the 
electron emission from cathode 75 to be formed 
into electron beams in disc form as mentioned 
and so that they cause these electron beams or 
discs to move linearly from one end of the cathode 
to the other. Surrounding the control electrode 
structure which includes the rings 6 is a first 
anode including anode elements 77, 8, etc., cor 
responding in number to the number of groups 
of rings 76 in which each ring is connected with 
a different phase conductor. Surrounding the 
anode elements 77, 78, there is a second concentric 
anode 9 upon which all electrons which pass 
between the anode elements 77, 8, etc., impinge. 
Since the operation of this device is substantially 
identical with that of the simple form illustrated 
in Figure 10, it is not explained in detail. Cur 
rent flowing axially through cathode 75 produces 
deflection of the electron beams or discs, thereby 
to induce an acceleration or deceleration of the 
longitudinal electron density wave progressing 
along the path of anode segments 77, 7.8, etc., as 
explained later. 

In Figure 14 a special form of the discharge 
device is illustrated which is similar to that shown 
by Figure 13 except that the control electrode 
elements and the first anode elements are formed 
spirally or helically instead of circularly around 
cathode 80. That is, three helical coils of wire 
8, 82 and 83 are illustrated interwound one with 
another, the pitch of any one of the helices being 
three times the distance between adjacent wires 
in the control electrodestructure. The three con 
trol elements 8 f, 82 and 83 are connected respec 
tively with the three phase conductors of a suit 
able source of three phase voltage and thereby 
act to form an electron beam in the shape of a 
helicoid which is coaxial with the cathode 80 
and which moves linearly along it. Outside of the 
control electrode structure a helical strip 84 of 
metal is placed concentrically with the cathode 
80, the pitch of this helical strip 84 being the same 
as the pitch of any one of the control elements 
8, 82 and 83 and being the same as that of the 
helicoidal beam of electrons formed by the con 
trol electrode structure. The width of the strip 
84 is approximately one-half of the pitch of the 
helix formed by it. An anode 85 in the shape of 
a cylinder is placed around the strip 84 concen 
trict with the cathode 80 and collects all electrons 
from the helicoidal beam which do not impinge 
upon the strip 84 which forms the first anode 
System. 
A practical embodiment of the form of the 

device illustrated schematically in Figure 14 is 
shown in Figure 15 in which like elements are 
given the same reference numerals. The cathode 
80 may beformed of a metal tube coated with 
electron emissive material and indirectly heated 
by current supplied through twisted conductors 
86. A disc. 87 fastened centrally to one end of 
cathode 80 supports at its periphery a cylindrical 
suppressor electrode 88 which lies between the 
cylindrical outer anode 85 and the helical inner 
anode electrode 84, and which serves, being main 
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14 
tained by the disc 8 at cathode potential, to 
prevent the return of electrons from anode 85 
to anode electrode 84. At the other end of the 
suppressor electrode 88 a second disc 89 is con 
nected peripherally, the disc 89 being insulated 
at its center from the cathode 80 and connected 
with a small conducting cylinder 90. 
A helicoidal electron beam is formed in the 

device shown in Figure 15 in the same Way as that 
shown in Figure 14 by the application of three 
phase potentials to the control elements 8, 82 
and 83, and the electron density wave set up by 
the helicoidal electron beam is caused to advance 
or to be retarded in its passage along the cathode 
80 and across the helical strip 84 by the produc 
tion of a cylindrical magnetic field around the 
cathode 80 parallel with the axis of the cathode. 
This cylindrical magnetic field flux is produced 
by the passage of modulating current through 
the cathode 80 in one direction or the other by 
means of two conductors 9 connected respec 
tively to the small conducting cylinder 90 and 
to that end of the cathode 8 nearest the cylinder 
90. Current is caused to flow from one of the 
conductors 9 through cathode 80, disc 87, sup 
pressor electrode 88, disc 89, cylinder 90 and thus 
back to the other conductor 9 to cause the heli 
coidal electron beam to be bent in one direction 
and current is caused to flow reversely through 
that circuit to cause the electron beam to be bent 
in the opposite direction whereby phase changes 
are produced in the anodes 84 and 85. 
Although no means is illustrated in connection 

with Figures 13 and 14 for the production of mag 
netic flux to cause Such advancing or retarding 
of the electron density wave in those structures, 
an arrangement such as that illustrated in Fig 
ure 15 may be utilized to produce the magnetic 
flux lying in a cylinder concentric with the cath 
odes 75 and 80 respectively. 

In connection. With the magnetic flux concen 
trating means illustrated in connection with the 
device shown in Figure 1 and in connection with 
Figure 9, these flux concentrating means can be 
arranged to reduce residual non-linearity which 
remains even when such flux concentrating 
means is used. Even when such a flux concen 
trating arrangement, as shown in one of these 
figures, is utilized, magnetic electron deflection 
occurs at Some distance from the center of the 
electron discharge device and furthermore oc 
curs over a Substantial length of the path trav 
ersed by individual electrons, and accordingly, the 
displacement of the point where the electrons 
impinge on the respective anodes increases at a 
rate somewhat greater than proportional to the 
increase of magnetic flux intensity. By causing 
the magnetic flux intensity to increase at a rate 
correspondingly less than proportional to the in 
crease of modulating current which generates the 
magnetic flux, by selecting a proper ferromag 
netic material from which the flux concentrating 
means are fashioned, and by properly dimension 
ing the flux concentrating means, an amount of 
magnetic saturation can be caused to occur in 
the ferromagnetic material which will substan 
tially offset this residual non-linearity. 
This residual non-linearity may also be cor 

rected by other means, one of which is described 
hereinafter, which cause the rate of increase of 
modulating current in the coil which produces the 
magnetic flux to be less than proportional to the 
rate of increase of intensity of the modulating 
signal potential. 
In Figure 16 there is shown the circuit diagram 
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of a radio transmitter arranged to transmit a 
carrier wave whose frequency is modulated in 
accordance with a modulating signal from a 
microphone 92. This type of transmitter is par 
ticularly useful in point to point communication 
because of its simplicity and the Small number 
of discharge devices utilized in it, which is made 
possible by the utilization of the discharge de 
vice 93 which may, for example, be like the de 
vice illustrated in Figure 1. In this transmitter 
certain measures are taken to reduce the non 
linearity heretofore described, but certain of the 
measures which are possible if it be desired to at 
tain maximum linearity have been dispensed with 
in order to make the number of discharge de 
vices as small as possible. 

In this transmitter a carrier wave is generated 
in an oscillating circuit including an electron dis 
charge device 94 and a piezoelectric frequency 
determining element 95. The carrier wave gen 
erated in the device 94 is impressed through a 
phase splitting network 96 upon the three phase 
control electrodes 97, 98 and 99 of the device 93, 
in which, as explained previously, an electron 
density wave is caused to move alternately at 
carrier frequency across the first anode 00 and 
the second anode O of the device 93. Signals 
from the microphone 92 are amplified through 
an electron discharge amplifying device O2 and 
are then impressed upon a magnetic flux produc 
ing coil 03, the flux from which acts in the space 
between cathode 04 and anode 00 of device 
93 to cause phase shift, either advancing or re 
tarding the passage of the electron density wave 
as it moves alternately across the anodes 100 and 
O of the device 93. 
The amplifying device O2 has a substantially 

constant voltage output characteristic, in the 
presence of constant input voltages of varying 
frequency, and consequently by reason of the in 
ductance of coil fo3 current flowing through the 
coil and magnetic flux produced by it within the 
device 93 are substantially inversely proportional 
to frequency. Correspondingly, the phase shift 
produced as a result upon the anode 0 of de 
vice 93 is substantially inversely proportional to 
the frequency of signals from the microphone 92, 
which means that the modulation of the phase of 
the carrier wave current in the anode of is Such 
that the frequency of that carrier wave current 
is modulated substantially proportionally to in 
stantaneous modulated signal voltage from the 
microphone 92 regardless of the frequency of that 
voltage. It is therefore a frequency modulated 
carrier wave which is developed upon the anode 
Of of device 93. 
This frequency modulated carrier wave is in 

pressed upon the control electrode 05 of an elec 
tron discharge amplifying device O6, which is 
arranged to produce a frequency multiplication 
of, for example, four times the frequency of the 
carrier wave impressed upon its control electrode 
O5. This multiplication of frequency in the de 

vice 06 serves two purposes. In the first place 
it increases the amount of frequency modulation 
of the carrier wave to an amount such that the 
frequency shift of the carrier wave in relation 
to the maximum frequency of modulating sig 
nals from the microphone 92 is sufficient to pro 
vide substantially noise free reception of the sig 
nals in a suitable frequency modulation receiver 
which incorporates an efficient limiter. In the 
second place it makes possible the transmission 
of a high frequency carrier wave, for example, at 
40 megacycles, while operating the discharge de 

10 

15 

20 

25 

30 

35 

40 

45 

50 

5 5 

60 

65 

70 

s 

6 
vice 94 and the associated piezoelectric crystal 95 
at a much lower frequency where frequency sta 
bility under varying temperature conditions and 
the like can be more readily attained than at 
higher frequencies. 
The high frequency carrier wave, modulated in 

frequency in substantial amount by alternating 
signal potentials from the microphone 92, after 
it appears upon the anode 07 of discharge de 
vice fos is impressed on the control electrode 08 
of a relatively high power electron discharge an 
plifying device O9, from the anode O of which 
the frequency modulated high frequency carrier 
wave is impressed upon a radiating element 
which may, for example, at high frequencies take 
the form of a dipole or of a relatively short rod 
antenna working against a counterpoise. 
The OScillator including the device 94 is of con 

ventional form in which the two electrodes of 
the piezoelectric frequency determining element 
are respectively connected to the control elec 
trode 2 and the grounded cathode 3. A grid 
leak resistance 4 is also connected between 
the control electrode 2 and the cathode 3 
and the anode 5 of the device 94 is connected 
through a tuned circuit including an inductance 

6 and a condenser if in parallel with each 
other to the positive terminal of a source 8 of 
suitable operating potential for the device 94, the 
negative terminal of the source 8 being 
grounded. A by-pass condenser f 9 is connected 
between ground and that end of the tuned cir 
cuit 6, 7 opposite to the anode 5. The 
tuned circuit 6, T is resonant at the funda 
mental frequency or SOme "mechanical harmonic 
frequency' of the piezoelectric device 95 and the 
oscillator maintains Oscillations of highly con 
stant frequency by reason of voltage feed-back 
through inter-electrode capacity between anode 
f5 and control electrode f2 and by reason of the 
well known large frequency stability of piezo 
electric frequency determining elements such as 
the device 95. 
The inductance coil 6 is magnetically cou 

pled with an inductance 20 whose center tap 
is connected to ground through a by-passing 
condenser f2 with the result that balanced 
highly stable carrier voltages are induced in coil 
20. The phase splitting network 96 includes a 
bridge circuit in which an inductance 22 and a 
resistance 23 are connected serially between the 
terminals of coil 20 and in which a condenser 
24 and a resistance 25 are also connected 

serially between the terminals of coil. 20. The 
inductance 22 and the condenser 24 are con 
nected to the same terminal of the coil 20 and 
the resistances 23 and 25 are connected to the 
opposite terminal. A resistance 26 is connected 
between a control element 97 of the device 93 
and that terminal of the coll 20 to which in 
ductance 22 and condenser 24 are connected. 
The control element 98 of the device 93 is con 
nected through a condenser 2 to a point in 
the bridge circuit between inductance 22 and 
resistance 23, and a grid leak resistance 28 is 
connected in shunt with condenser 27 in order 
to maintain the control element 98 at Substan 
tially the same potential as the control elements 
9 and 99. The resistance 28 should be large 
compared with the reactance of the condenser 
27 at carrier wave frequency. An inductance 
29 is connected between control element 99 of 
device 93 and a point in the bridge circuit be 
tween condenser f24 and resistance 25. 
This phase splitting network 96 is arranged to 
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produce carrier wave voltages on the contro cle 
nents , 98 and , the phases of which vote 
ages are equally displaced one from the other by 
120' so that the voltages appearing on these 
three control elements form what is commonly 
termed a three phase voltage. The network also 
has the characteristic that it has the same out 
put impedance measured at any one of the three 
control elements 97, 98 and 99 and impresses on 
those three control elements voltages of equal 
intensity. It should be understood that it is 
within the scope of my invention to use more 
than three electrodes, and to impress on such 

: electrodes whether they be three or more any 
kind of multi-phase voltage whose individual 
phases are correlated with the physical positions 
of the control elements with respect to one an 
other and with respect to the cathode 04 so as 
to form a uniform velocity electron density 
Wave. For example, one or two of the control 
elements. 97, 98 and 99 might be physically dis 
placed from the positions illustrated in Figures 
1 and 2 provided the relative phases of the volt 
ages impressed on them are correspondingly 
changed. 

In order to have such characteristics the phase 
splitting network 98 must have certain imped 
ance relations between its elements. Resist 
ances 23 and 25 must be equal and they must 
be one-third greater than resistance 20. The 
reactance at the carrier Wave frequency in ques 

sees? 

former and a switch 43. 
that transformer is connected between the con 
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tion of inductance 22 must be equal to the re 
actance at that frequency of condenser 24 and 
must also be equal to resistance 23 multiplied 
by the square-root of 3. The reactance at the 
carrier wave frequency in question of inductance 
29 must be equal to the reactance at that fre 
quency of the condenser f2T and must also be 
equal to the resistance 23 multiplied by one 
fourth of the square-root of three. 
By way of a practical example of such a net 

Work the Seven elements may be constructed to 
have the following impedances. Inductance 22 
nay be of 588 ohms, resistance 2 of 340 ohns, 
condenser 24 of 588 ohns, resistance 25 of 340 
ohms, resistance 26 of 255 ohms, condenser 2 
of 147 ohms, and inductance 29 of 147 ohms. 

Operating current and bias potentials are sup 
plied to the device 93 as follows. The first anode 
OO is connected to the positive terminal of 

Source 8 and the anode foll is connected to 
that same positive termina through a tuned Out 
put circuit including an inductance 30 and a 
condenser 3 in parallel relation. A suppressor 
electrode 32 within the device 93 is connected 
with the cathode 04. Four resistances 33, 34, 
35 and 36 are connected between ground and 
the positive terminal of source 8 and a first 
focusing anode 3 in device 93 is connected to 
a point between resistances 33 and 34 and is 
by-passed to ground through a condenser 38. 
A second focusing anode 39 in the device 93 is 
C-nnected to a point of higher positive potential 
between resistances 35 and 36 and is by-passed 
to ground through a condenser 0. The cen 
ter tap of the coil 2 is connected to a point be 
tween resistances 34 and 35 whereby the con 
trol elements 97.98 and 99 are maintained at 
a potential positive with respect to cathode 04 
and intermediate the potentials of the focusing 
electrodes 3 and 39. 

Modulating signals from the microphone 92, 
which as illustrated may be a carbon microphone, 
are impressed serially across a source 4f of blas 
ing potential for the carbon microphone, the 
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18 primary winding 142 of voltage step-up trans 
The secondary 4 of 

trol electrode of the device O2 and ground, 
the cathode 4 of the device 2 being con 
nected to ground through a biasing resistance 
l. This biasing resistance 4 is only suf 
ciently large to provide proper bias potential 
between the control electrode 5 and cathode 

and a small amount of degeneration to im 
prove the linearity of amplification of the device 
f2 and it is not large enough to introduce 
enough degeneration to produce any substantial 
change in the constant voltage characteristic of 
the output circuit of device O2. The anode 48 
of device O2 is connected through a resistance 
9 to the positive terminal of source 8 and 

the anode 8 is also connected through a cou 
pling condenser 50 to one terminal of the coil 
03 of which the other terminal is grounded. 
As mentioned briefly above signals from micro 

phone 2 are amplified through the device O2, 
connected as described to act as a power ampli 
fler, and are caused by the coil fo3 to produce 
magnetic flux in device 93 whose intensity is sub 
stantially inversely proportional to signal fre 
quency. This relation between flux intensity and 
instantaneous signal voltage cannot be main 
tained at all signal frequencies from zero to some 
high frequency such as 10,000 cycles, but for 
point to point communication work in which 
most of the intelligence is speech, such a wide 
frequency range is not necessary or desirable. 
Actually it is usually necessary to transmit sig 
nal frequencies within a range for example be 
tween 200 and 3000 cycles and within that range 
it is not difficult to maintain substantially the 
desired relation between the magnetic flux in 
tensity and instantaneous signal voltage. At the 
lower signal frequencies there is a tendency for 
the amplifier including device O2 to act less like 
a power amplifier so that the current in coil o3 
at such lower frequencies may not be quite as 
great as it should be and consequently the phase 
shift in carrier wave currents in the anode of 
may be somewhat less than desired. This means 
that the frequency shift of the carrier wave in 
response to such lower signal frequencies is some 
what less than linearly proportional to instan 
taneous signal voltage, which in turn means that 
Some higher signal frequencies are transmitted 
in greater intensity than signal voltages of lower 
frequency. This may not be undesirable and 
may in fact lead to somewhat better speech 
understanding in the System. 
The non-linearity between instantaneous mag 

netic flux intensity applied by coil 103 to the 
device 93 and the consequent phase shift of car 
rier wave current in the anode of, as discussed 
previously, may be corrected in several ways. 
For example, ferromagnetic material may be 
utilized as described in connection with Figure 
1 to produce a desired amount of flux saturation 
in Order to correct such non-linearity. Alterna 
tively the amplifier including the device O2 may 
be arranged so that its gain is reduced in proper 
amount in response to increasing instantaneous 
signal voltage in order to produce a similar flat 
tening of the tops of half cycles of the signal 
voltage. It is apparent that the “flattening' 
process is actually compression of the dynamic 
range of the modulating signal. 

Frequency modulated carrier wave voltages 
appearing across the tuned circuit 30, 13 are 
impressed between the control electrode 05 and 
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the grounded cathode 5 of device through 
a coupling condenser 52. A suitable grid leak 
resistance 153 is connected between the control 
electrode iOS and cathode 5 and is arranged 
with such resistance in relation to the intensity 
of the carrier wave as to produce a bias potential 
on control electrode 05 sufnciently large to 
cause device 06 to operate in suitable manner 
for frequency multiplication. The anode 0 of 
device 06 is connected through a tuned circuit 
including an inductance 54 and a condensers, 
in parallel relation, and then through a decou. 
pling resistance (56 to the positive terminal of 
source 8, a point between resistance 56 and 
the tuned circuit 154, 55 being by-passed to 
ground for carrier frequency currents through a 
by-passing condenser 57. The tuned circuit 
54, 55 is resonant at a suitable multiple of the 

frequency of the carrier wave impressed on con 
trol electrode 05 so that the device 06 Operates 
efficiently as a frequency multiplier. 
Such higher frequency carrier wave voltages 

appearing across the tuned circuit 54, 55 are 
impressed through a coupling condenser 58 be 
tween the control electrode 08 and the grounded 
cathode 59 of the power amplifier 09. A suit 
able grid leak resistance 60 is connected between 
the control electrode 08 and cathode 59 and 
is sufficiently large to provide bias potential 
therebetween so that device O9 operates effl 
ciently as a power amplifier. For example, the 
bias potential between control electrode 08 and 
cathode 59 may be sufficient to cause what is 
known as 'class C' operation in which discharge 
current in the device O9 is prevented at all 
times except during short intervals in alternate 
half cycles of the carrier wave. The screen elec 
trode 6 of the device O9 is by-passed for cur 
rents of carrier frequency to ground through a 
by-passing condenser 62 and is connected to the 
positive terminal of a source 63 of potential of 
which the negative terminal is grounded. The 
anode O of the device O9 is connected through 
a tuned circuit including an inductance 64 and 
a condenser 65 in parallel relation to the screen 
electrode 6. The inductance coil 64 is elec 
tromagnetically coupled with an inductance 66 
to the ends of which are connected the radiating 
element or elements , suitably arranged to 
radiate properly at the frequency of a carrier 
wave from device O9 to which the tuned circuit 
64, 65 is resonant. 
The operation of the phase Splitting network 

96 is as follows: control element 97 is excited in 
phase through resistance f 26 with carrier wave 
voltage at the upper terminal of coil 20. A lag 
ging current flows between the terminals of coil 
f 20 through inductance 22 and resistance 23 
and produces a voltage through condenser 27 on 
control element 98 which lags by 120' the carrier 
voltage on control element 97. It is the function 
of condenser 27 to resonate at carrier frequency 
with the inductance in the remainder of the cir 
cuit between control element 98 and ground so 
that the impedance of that entire circuit appears 
resistive, as does the impedance of the circuit be 
tween control element 9T and ground. Similarly, 
a leading current flows between the terminals of 
coil 20 through condenser 24 and resistance f25 
and a leading voltage is impressed through in 
ductance 29 on control element 99, that voltage 
leading the voltage on control element 97 by 120. 
The inductance 29 resonates at carrier frequency 
With capacity in the remainder of the circuit be 
tween control element 99 and groound so that 

20 
that whole circuit appears resistive at the control 
element 99 at carrier frequency. 
This phase splitting network 96 is arranged in 

this fashion so that, when loads are applied to 

0 

5 

its output terminals, as by the flow of charging 
current in the control elements 9, 98 and 99, the 
symmetrical three phase distribution of its three 
phase voltage output is not disturbed. Without 
the special measures taken in the network 96 to 
prevent such loading effects, the equally phased 
output voltage of the network would be seriously 
disturbed, even if loads taken from the network 
were symmetrical, and these resulting asym 
metries in the multiphase voltage output of the 
network 96 might become so large as to reverse 
phase rotation which would obviously cause the 
system to become inoperative. By providing the 
network 96 with its special characteristics to in 
sure the impression of voltages equally displaced 
in phase on control elements 97, 98 and 99, any 
asymmetry in those voltages which might be in 
troduced by loading caused by current flow in 
the control elements is entirely avoided. 
While, in the circuit arrangement of Figure 

16, the first focusing anode f3 is provided with 
a suitable positive bias potential with respect to 
cathode 04, it can be made to operate properly 
if it is maintained at cathode potential. For that 
purpose it may be connected directly with cathode 
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04 outside of the envelope of device 93, or pref 
erably inside of that envelope. 
The discharge device 93, as described for ex 

ample in Figure 1, does not produce a sinusoidal 
current flow in the anodes 00 and O. While 
special forms of the discharge device may be con 
structed to produce sinusoidal current variations 
in those anodes, good output for the discharge de 
vice can be obtained without that expedient. In 
fact, the device 93, where its output current is 
not sinusoidal, can be used as a frequency multi 
plier by the simple expedient of making the tuned 
circuit f30, 3 resonant at a frequency which is 
a multiple of the frequency of the carrier wave 
impressed on the network 96. For example, the 
usual type of Wave form of the output current of 
device 93 has a substantial third harmonic con 
tent, 

It should be emphasized that the coil 03 in 
connection with this special discharge device 93 
simultaneously performs at least two functions 
which have heretofore necessarily been per 
formed by entirely separate devices. The coil 
O3 with the discharge device 93 modulates the 
phase of a carrier wave in accordance with signal 
potentials from discharge device O2 and simul 
taneously, by virtue of the fact that it is an in 
ductance, produces proportionately less phase 
modulating magnetic flux in response to signal 
voltages of high frequency than of low frequency, 
so that the type of phase modulation of the car 
rier wave which is produced is in fact frequency 
modulation, the frequency shifts of the carrier 
wave being Substantially linearly proportional to 
instantaneous signal potential at any signal fre 
quency. 

It should also be kept clearly in mind that, as 
explained before, to operate in this fashion the 
coil 03 must be supplied with signal voltage which 
is at all times linearly proportional to instan 
taneous signal voltage produced by microphone 
92. In order to assure this, the power amplifier 
including discharge device O2 must have an out 
put circuit which, measured at the coil f O3, has 
as low an impedance as possible. A satisfactorily 
low impedance amplifier can be provided by mak 
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ing resistance 49 relatively small and by utiliz 
ing as a discharge device O2 a device of the type 
termed a "power amplifier' in which relatively 
large space current may flow and in which the 
control electrode 45 is usually of relatively large 
mesh spaced at relatively large distance from the 
cathode 46. Provided resistance 49 be made 
sufficiently small, the output impedance of the 
amplifier can be made as low as desired so long 
as the device O2 is capable of generating the 
necessary signal potential across the small re 
sistance 49. 
Good operation of the system results if the out 

put impedance of the amplifier including device 
02 and resistance 49 is substantially resistive 
and equal to the impedance of coil 03 at a fre 
quency near the lowest frequency within the 
band of frequencies of the signals to be trans 
mitted. If the internal anode resistance of the 
device O2 is large with respect to the magnitude 
of resistance 49, the resistance 49 and coil 03 
may be made to have substantially equal in 
pedances at the lowest signal frequency to be 
transmitted and satisfactory results may be ob 
tained. 

If the output resistance of the amplifier includ 
ing device O2 and resistance 49 is substantially 
equal to the impedance of coil 03 at a frequency 
substantially higher than the lowest signal fre 
quency to be transmitted, there is less frequency 
shift of the carrier wave in response to the same 
instantaneous signal potential at frequencies be 
low that frequency of equality than at higher fre 
quencies. Transmission of frequency modulated 
carrier waves is commonly carried out with what 
is termed "pre-emphasis,' in which the frequency 
shift of the carrier wave is intentionally made 
to be greater in response to instantaneous signal 
potential at high signal frequencies than at low, 
for the purpose of reducing the effect of undesired 
noise and static voltages in the system. In view 
of the similarity of such pre-emphasis with the 
effect obtained in the present system when the 
amplifier output resistance is equal to the re 
actance of coil fo3 at a frequency higher than the 
lowest signal frequency to be transmitted, that 
effect is herein termed pre-emphasis. The gen 
eral statement may be made that, where such 
pre-emphasis is desired, the impedance of the 
signal amplifier including device O2 and resist 
ance 49 should be substantially resistive and 
equal to the impedance of coll 03 at a frequency 
within the band of frequencies of the signal from 
the signal amplifier so that, above that frequency 
of equality, current in the coil 03 is substantially 
inversely proportional to signal frequency with 
a constant signal intensity and lags the signal 
voltage, while at frequencies below that frequency 
of equality current in the coil 03 is substantially 
independent of signal frequency and is substan 
tially in phase with signal voltage from the signal 
amplifier. Under those conditions the signal 
amplifier and the coil 103 should be so arranged 
that the frequency of equality is at least three 
times as great as that frequency at which with 
substantially all the frequency modulation of the 
carrier wave for which the transmitter is de 
signed, the non-linearity between flux produced 
by current in the coil 03 and the phase shift 
which results in the carrier Wave in the Output 
circuit of device 93 becomes greater than the 
non-linearity for which the transmitter is to be 
designed. 
In Figure 17 a transmitter circuit is illustrated 

which is especially useful for the transmission of 
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carrier Waves frequency modulated in accordance 
with high flodelity, audio signals such as are trans 
mitted for broadcast purposes. Although, in 
general, this type of transmitter includes ele 
ments analagous to those described in connection 
with Figure 16, each of these elements differs in 
certain respects in order to obtain the results de 
sired of a high fidelity broadcast transmitter 
of the frequency modulation type. 
The oscillation generator includes a frequency 

determining device 67 connected between the 
anode 68 and the control electrode 69 of a pen 
tOde type electron discharge device 70. A resist 
ance T is connected between the control elec 
trode 69 and the grounded cathode 72 for the 
passage of grid current therebetween to provide a 
suitable operating bias potential. The anode 68 
is connected through a tuned circuit including an 
inductance 73 and a condenser 74, in parallel 
relation, and then through a resistance 75 to the 
positive terminal of a source 76 of operating 
potential, the negative terminal of which is 
grounded. The Screen electrode f is also con 
nected through resistance 75 to the positive 
terminal of source 76 and is connected to ground 
through a by-passing condenser 8, 
This Oscillation generator Operates by reason of 

voltage feedback from anode 68 to control elec 
trode 69 through the piezo electric device f 67, 
the tuned circuit 73, 74 being resonant at a res 
onant frequency of the device 67. It is con 
venient to make the oscillator including device 
70 operate at a relatively low frequency, for ex. 

ample, in the Order of one-half megacycle or less, 
5 because at such frequencies quartz crystals can be 

constructed and arranged in such oscillators to 
provide extremely high frequency stability under 
changing conditions encountered in the use of 
the apparatus. 
A carrier Wave generated by the oscillator is 

impressed on the device fle, which is one of the 
special forms of electron discharge device here 
tofore described and which has its anodes 80 
and 8 especially arranged for operation in 
push-pull relation. To this end, the inductance 
73 is magnetically coupled with an inductance 
82 whose center tap is by-passed to ground 
through a by-passing condenser 83. Carrier 
wave voltages induced in coll 82 are in balanced 
relation with respect to ground and are trans 
ferred through a simple form of phase Splitting 
network to three control elements 34, 85 and 
86. Control element 84 is connected directly 

with the upper terminal of coil 182. A resistance 
87 and a condenser 88 are connected Serially 

between the terminals of coil 82 and a second 
condenser 89, and second resistance 90 are also 
connected serially between the terminals of coil 
82, resistance 87 and condenser 89 being con 
nected to the same terminal. Control element 
85 is connected to a point between condenser 
89 and resistance 90, and control element 86 is 

connected to a point between resistance f8 and 
condenser 88. 

Leading current flows between the terminals 
of coil 82 through resistance 87 and condenser 
88, and by adjusting relatively to each other 

the reactance of condenser 88 and the resistance 
8 this leading current can be caused to pro 

duce a voltage drop across the resistance 8. 
such that the voltage on control electrode f86 
lags the voltage on control electrode 84 by one 
third of a cycle or 120. That is, at the fre 
quency of the carrier wave in question the re 
sistance should be greater than the reactance 
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of condenser 88 by a multiplying factor equal to 
the square root of 3. Current flowing between 
the terminals of coil f2 through Condenser 
and resistance 90 is also leading in larger amount 
than current through resistance 8, and the re 
sistance 90 and the reactance of condenser 89 
should be adjusted so that the voltage on control 
electrode 85 leads the voltage on control elec 
trode 4 by one-third cycle or 120. This will be 
the case if the reactance of condenser 89 at the 
carrier frequency in question is greater than re 
sistance 90 by a multiplying factor equal to the 
Square root of 3. 
The control electrodes 84, 85 and 86 are 

maintained at a suitable positive potential with 
respect to the grounded cathode 9 of device 
79 by means of a connection between the center 

tap of coil f2 to a point between resistances 
92 and 93 of a potential divider including re 

sistances f$4, 92, 93, 95 and 96 connected 
serially in named order from ground to the posi 
tive terminal of source 6. 

Because these control elements 84, 5 and 
f83 are maintained at a positive potential with 
respect to cathode 9, they inevitably have space 
current from Cathode 9 flowing through them, 
and consequently impose some load on the phase 
splitting network fel, 88, 89 and 90. Such 
load imposed on that network tends to cause 
the otherwise accurately evenly phased three 
phase voltages produced by the network to be 
changed in phase with respect to One another 
with the consequence that the moving electro 
static field may be somewhat distorted. This 
distortion can be compensated in several ways 
although in practical arrangements it is usually 
necessary only to make the impedances of the 
elements in the phase splitting network suf 
ficiently low that the undesired phase change 
caused by loading is within tolerable limits, but 
not so low as to reduce undesirably the driving 
voltage available from the oscillator including 
device 70. If it be desired the physical posi 
tioning of the control elements 84, 85 and 86 
may be made slightly asymmetrical in an amount 
just sufficient to compensate for the asymmetry 
of the three-phase voltage produced by the net 
work so that a uniformly moving electrostatic 
field is produced. Alternatively, the impedances 
of the elements of the network may be adjusted 
under load to produce a substantially symmetrical 
three-phase voltage, and if it be necessary to 
obtain the desired symmetry the phase shifting 
network such as that - illustrated in Figure 16 
may be utilized. 
The first focusing anode 9 of the device 79 

is connected to a point between resistances 2 
and 94 of the potential divider and is by-passed 
to ground for currents of carrier frequency 
through a by-passing condenser 98. As ex 
plained previously, the anode 97 may be con 
nected to cathode 9 if it is properly constructed 
for good focusing at the cathode potential. The 
second focusing anode 9 is connected to a point 
between resistances 93 and 95 and is by-passed 
to ground for currents of carrier frequency 
through a by-passing condenser 2. The out 
put electrodes 8 and of the device are 
connected to the opposite terminals of a tuned 
circuit including an inductance 20 and a con 
denser 22 in parallel relation, the center tap of 
the inductance 20 being connected to a point 
between resistances 95 and 9 and being by 
passed to ground for currents of carrier frequency 
through a by-passing condenser 28, 
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As explained previously in connected with the 

discharge device 93 of Figure 16, the discharge 
device 79 operates to move a uniform velocity 
electron density wave across the anode path, 
thereby producing a carrier wave potential across 
the tuned circuit 20, 202, which is resonant at 
the frequency of the carrier wave generated by 
the oscillator 70 or at a multiple thereof. 

Modulating signals produced by a microphone 
204 are amplified through a suitable program 
amplificr 205, of which the output circuit has 
three terminals including a grounded center ter 
minal and two other terminals between which a 
voltage balanced with respect to ground exists. 
These two balanced voltage terminals of the am 
plifier 205 are connected respectively through 
filter resistances 206 and 207 to the control elec 
trodes 208 and 209 of a pair of power amplifier 
discharge devices 20 and 2 connected in bal 
anced relation. A filter condenser 22 and re 
sistance 23 are connected serially between the 
control electrodes 208 and 209 and, together with 
the filter resistances 206 and 207, alter the fre 
quency response of the signal amplifying system 
in a desired manner by reducing in an amount 
determined by the relative impedances of the 
filter elements the high frequency components 
of the signal. The cathodes 24 and 25 of the 
devices 20 and 2 are connected together 
through a balancing resistance 26, whose center 
tap is connected through a biasing resistance 2 
to ground. The screen electrodes 28 of the de 
vices 2 ?o and 2 fl are connected to the positive 
terminal of the source 76 and the two anodes 
29 and 220 are connected together through a 
magnetic flux producing coll 22 which is ar 
ranged with respect to the device. 9 to produce 
magnetic. flux varying in accordance with some 
function of signal potential in the space between 
cathode 9 and the output electrodes 80 and 
8, in a fashion similar to the operation of coil 
03 with device 93 of Figure 16. A resistance 222, 

an inductance 223, and a resistance 224 are con 
nected serially in the named order between the 
anodes 29 and 220, and the center tap of in 
ductance 223 is connected with the positive ter 
minal of source 76. 
Although the devices 20 and 2 are of the 

type termed power amplifiers, by reason of the 
fact that they have screen electrodes 28 the 
internal anode resistance is relatively high and 
consequently the resistances 222 and 224 are 
made small for reasons set forth in connection 
with resistance 49 of Figure 16. Similar con 
siderations apply to the relation between the 
magnitudes of resistances 222 and 224 and the 
inductance of coll 22 as were set forth with 
respect to resistance 49 and coil fo3. 
The inclusion of coil 223 in Series with resist 

ances 222 and 224 provides pre-emphasis in that 
the inductance of coil 223 is related to resistances 
222 and 224 so that the impedance of those ele 

65 

75 

ments taken together increases at a predeter 
mined rate as signal frequency increases above 
a frequency at which the reactance of coil 22 
is equal to the combined resistance of resistances 
222 and 224. The frequency at which this equality 
exists is generally in the upper portion of the 
band of frequencies of the signal to be trans 
mitted, and above that frequency an amount of 
pre-emphasis exists which is determined by the 
relation between the inductance of coll 223 and 
resistances 222 and 224. That is, the larger the 
inductance of coil 223 the more rapidly signal 
voltage between anodes 29 and 22 increases with 



8,105,897 

a constant input signal voltage of increasing fre 
quency. 
The system so described produces across the 

tuned circuit 28, 202 a carrier wave whose fre 
quency is modulated in accordance with the 
instantaneous intensity of signal potential re 
gardless of signal frequency except for the pre 
emphasis described. 
This frequency modulated carrier wave voltage 

across coll 20 appears across an inductance coil 
225 with which it is magnetically coupled, and a 
condenser 226 is connected in shunt with coil 22 
to form a tuned circuit resonant at the same 
frequency as circuit 2D, 22. Voltage across the 
tuned circuit 225, 22B is amplified and its fre 
quency is multiplied a suitable amount in a fre 
quency multiplier 22T. The frequency multipli 
cation may be in the order of one hundred or 
more times in order to obtain the desired amount 
of carrier wave frequency shift in response to 
signal potentials, which frequency shift for broad 
cast purposes is desirably several times greater 
that the highest frequency in the signal to be 
transmitted. 
The output terminals of the frequency multi 

plier 22 are connected respectively with the con 
trol electrode 228 and the negative terminal of 
a source 229 of suttable biasing potential for the 
control electrode 228 of a high power electron dis 
charge amplifier 230, the cathode 23 of which is 
grounded and is connected to the positive term 
nal of source 229. The anode 232 of device 280 is 
connected to one terminal of a tuned circuit in 
cluding an inductance 2 and a condenser 28 
in parallel relation, and the other terminal of 
the tuned circuit is connected to the positive 
terminal of source 235 of high potential suitable 
for the operation of the high power amplifier 280. 
The screen electrode 28 of the device 230 is con 
nected to a tapped potential point of the source 
285 to maintain the screen electrode 286 at a 
suitable positive potential with respect to cathode 
23, the negative terminal of source 25 being 
grounded. A by-passinge condenser 23 is con 
nected between screen electrode 236 and cathode 
23. 
The tuned circuit 23, 234 is resonant at the fre 

quency of the carrier wave impressed on control 
electrode 228 by frequency multiplier 227 and the 
inductance 233 is magnetically coupled with an 
inductance 238 which is connected with the 
radiating system 289 arranged to radiate the high 
power frequency modulated carrier wave from 
the device 230. 
Although the transmitter of Figure 17 is de 

scribed as having the frequency multiplier 227 
arranged to multiply the frequehcy of the carrier 
wave. whose frequency is modulated by device 
79, by one hundred or more times, this is not to 

be understood as meaning that this transmitter 
has any such large number of discharge devices 
as are necessary in present day frequency modu 
lation transmitters of the phase modulation type. 
In such transmitters where the maximum phase 
shtft attainable is less than one-half cycle and is 
not usually more than one-quarter cycle, a much 
greater amount of frequency multiplication is 
necessary since in the present system a phase 
shift of as much as four cycles or more may be 
readily attained with high linearity. The ad 
vantage given by such greater available initial 
phase shift does not lie only in a substantial re 
duction in number of discharge devices necessary 
in the frequency multiplier 22, since it is actually 
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greater phase shift a large reduction in noise 
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potentials and other undesired voltages is ob 
tained, while retaining the advantage of quartz 
crystal control of the carrier wave center fre 
quency and at the same time attaining to a high 
degree proportionality between instantaneous 
signal potential and frequency shift of the carrier 
Wave. 
With moderately careful construction of the de 

vice 79 and with the provision of adequately 
filtered power supplies the system produces a fre 
quency modulated carrier wave which is sub 
stantially unmodulated in amplitude. 

In the transmitter illustrated in Figure 16 
several alternative ways of maintaining this 
linearity were described. In the transmitter of 
Figure 17 magnetic saturation is not utilized as 
in Figure 16 and it is instead preferred to arrange 
the balanced amplifiers 20 and 2 to cause 
signal voltage appearing across coil 22 to in 
crease at a rate less than proportional to the in 
crease of instantaneous signal potential on con 
trol electrodes 208 and 209. This is readily ac 
complished in such a balanced amplifier by im 
pressing suitable blas, potential on the control 
electrodes 208 and 29 so that, upon an instan 
taneous increase in signal potential upon either 
of the control electrodes 208 or 209 the increase 
in voltage across coll 22 is somewhat less than 
proportional by reason of the fact that such power 
amplifier devices have an initially curved grid 
voltage plate current characteristic. By adjust 
ment of the tap on resistance 26 this character. 
istic of the devices 20 and 2 can be nicely ad 
justed to be symmetrical with reference to zero 
signal voltage and with reference to zero current 
in col 22. 
While particular embodiments of the present 

invention have been shown and described, it will 
be obvious to those skilled in the art that changes 
and modifications may be made without depart 
ing from this invention in its broader aspects, and, 
therefore, the aim in the appended claims is to 
cover all such changes and modifications as fall 
within the true spirit and scope of this invention. 

claim: 
1. In a timing modulation system, a carrier 

wave source, a signal Source, means for producing 
a magnetic flux in response to a signal from said 
signal source, and means for shifting the phase. 
of a carrier wave from said carrier wave source 
in response to said flux, said phase shifting means 
having the property of shifting the phase of said 
carrier wave more than proportionately to the 
instantaneous intensity of said flux, said flux 
producing means being arranged to produce flux 
whose intensity increases less than proportion 
ately to increasing intensity of said signal 
whereby the linearity is increased between the 
Yphase shift of said carrier wave and the instan 
taneous intensity of said signal, 

2. In a timing modulation system, a carrier 
wave source, a signal source, means for pro 
ducing a magnetic flux in response to a signal 
from said signal source, and means for shifting 
the phase of a carrier wave from said carrier wave 
Source in response to said flux, said phase shift 
ing means having the property of shifting the 
hase of said carrier wave more than propor 

tonately to the instantaneous intensity of said 
flux, Said flux producing means including fer 
romagnetic material Subject to flux saturation 
whereby the intensity of said flux in the presence 
of such saturation increases less than proportion 

of greater importance that, with such a much is ately to increasing intensity of said signal and 
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the phase shift of said carrier wave is more nearly 
linear with respect to the instantaneous intensity 
of Sald signal. 

3. In a tining nodulation system, a carrier 
wave source, a signal source, means for producing 
a magnetic flux in response to a signal from said 
signal source, and means for shifting the phase 
of a carrier wave from Said Carrier wave source 
in response to said flux, said phase shifting means 
having the property of shifting the phase of said 
carrier wave more than proportionately to the in 
stantaneous intensity of said flux, said flux pro 
ducing means including a pair of multielectrode 
electron discharge devices arranged in push pull 
amplifying relation and supplied with such elec 
trode potentials as to flatten the tops of the waves 
of said signals before said signals produce said 
flux, Such flattening being sufficient to compen 
sate substantially for said property. 

4. In a timing modulation system, an electrode, 
a carrier wave source, a signal source, means re 
sponsive to a carrier wave from said carrier wave 
source for causing an electron density wave to 
progress recurrently at substantially uniform 
velocity past said electrode, means responsive to 
a signal from Said signal source for producing a 
varying magnetic flux in the region through which 
said electron density wave passes and with such 
orientation with respect to said wave as to alter 
said wave by changing the velocity of its passage 
past said electrode, and means for deriving a 
phase modulated carrier wave from said electrode 
in response to the passage of said altered wave 
past said electrode, said flux producing means 
including an inductive coil upon which said sig 
nal is impressed from said signal source, and said 
signal source having low impedance whereby 
signal current in said coil decreases with increas 
ing frequency and the phase modulation of said 
carrier wave is effectively frequency modulation. 

5. In a frequency modulation system, a carrier 
wave source, a signal source having low imped 
ance, an electrode, means responsive to a carrier 
Wave from Said carrier wave source for causing 
an electron density wave to progress recurrently 
at Substantially uniform velocity across said elec 
trode, an inductance coll, means for impressing 
a signal from said signal source on said coil 
whereby signal current in said coil is reduced as 
signal frequency increases, means for directing 
magnetic flux produced by signal current in said 
Coll into the region traversed by said electron 
density wave with such Orientation with respect 
to said wave as to alter said wave by changing 
the velocity of passage of the wave across the 
electrode, and means for deriving a wave voltage 
from said electrode in response to the passage of 
the altered wave across said electrode whereby 
Said wave voltage derived from said electrode is 
nodulated in frequency, the instantaneous fre 
quency of Said wave voltage being substantially 
proportional to instantaneous signal amplitude 
regardless of signal frequency. 

6. In a frequency modulation system, a car 
rier wave source, a signal source having low in 
pedance, an electrode, means responsive to a car 
rier wave from said carrier wave source to cause 
an electron density wave to pass recurrently at 
Substantially uniform velocity past said electrode, 
an inductance coil, means for impressing a signal 
from said signal source on said coil whereby sig 
nal current in said coil is reduced as signal fre 
quency increases, means for directing magnetic 
flux produced by signal current in said coil into 
the region traversed by said electron density wave 
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with such orientation with respect to said wave 
as to alter said wave by changing the velocity of 
passage of said wave across said electrode, and 
means for deriving a wave voltage from said elec 
trode in response to the passage of the altered 
wave across said electrode whereby said wave 
voltage derived from said electrode is modulated 
in frequency, the low impedance of said signal 
source being Substantially resistive and equal to 
the impedance of said coll at a frequency within 
the band of frequencies of the signal from said 
signal source whereby, above such frequency, 
Current in said coil is substantially inversely pro 
portional to signal frequency with a constant sig 
nal intensity and lags signal voltage but below 
such frequency current in said coil is substantially 
independent of signal frequency and is substan 
tially in phase with signal voltage, said signal 
Source and Coll being so constructed that such 
frequency is at least three times as great as that 
frequency at which, with substantially all the 
frequency modulation of said wave voltage for 
which said System is designed, the nonlinearity 
between said flux and the phase shift in said wave 
voltage on said electrode produced by said flux 
becomes greater than that for which said system 
is designed. 

7. In a frequency modulation system, a carrier 
wave source, a signal source having low imped 
ance, an electrode, means responsive to a carrier 
Wave from Said Carrier Wave source to cause an 
electron density wave to pass recurrently at Sub 
stantially uniform velocity across said electrode, 
an inductance coil, means for impressing a signal 
from said signal source On said coll whereby sigs 
nal current in said coil is reduced as signal fre 
quency increases, means for directing magnetic 
flux produced by signal current in Said coil into 
the region traversed by said electron density wave 
with such orientation with respect to said wave as 
to alter said wave by changing the velocity of 
passage of said wave across said electrode, and 
means for deriving a wave voltage from said elec 
trode in response to the passage of the altered 
wave across said electrode whereby said wave 
voltage derived from said electrode is modulated 
in frequency, said signal Source including a high 
impedance signal voltage source and an element 
of smaller impedance in shunt to said voltage 
source, said element being constructed to have 
impedance increasing at a predetermined rate as 
signal frequency increases above a predetermined 
frequency in the band of frequencies of said sig 
nal, whereby a predetermined preemphasis in 
said frequency modulated wave voltage is pro 
duced. 

8. In a timing modulation system, a carrier 
wave source, a signal source, means for shifting 
the phase of a carrier wave from said carrier wave 
Source in response to the instantaneous intensity 
of a signal from said signal source, said means 
having the property of shifting the phase of said 
carrier wave in non-linear relation to the in 
stantaneous intensity of said signal, and means 
for distorting said signal between said signal 
Source and Said phase shifting means in such 
sense as to compensate to a substantial extent 
for said non-linear relation, said distorting means 
comprising an electron discharge device arranged 
to transfer signals between said signal source and 
said phase shifting means and adjusted to have 
a non-linear relation between signal input to said 
device and current output thereof, and a load for 
said device having substantially smaller imped 
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ance than the internal impedance of said device, 
signal voltage being developed across said load 
and impressed on said phase shifting means. 

9. In a timing modulation system, a carrier 
wave source, a signal source, means for shifting 
the phase of a carrier wave from said carrier wave 
source in response to the instantaneous intensity 
of a signal from said signal source, said means 
having the property of shifting the phase of said 
carrier wave more than proportionately to the 
instantaneous intensity of said signal, and means 
for distorting said signal between said signal 
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source and said phase shifting means in such 
sense as to compensate to a substantial extent, 
for said property, said distorting means compris 
ing an electron discharge device arranged to 
transfer signals between said signal source and 
said phase shifting means, and a load for said 
device having substantially smaller impedance 
than the internal impedance of said device, said 
device and load being adjusted to produce de 
creasing amplification of said signal in response to 
increasing instantaneous signal intensity, dis 
torted signal voltage being developed across said 
load and impressed on said phase shifting means. 

10. In a timing modulation system, a single 
phase carrier wave source, a signal Source, means 
for deriving a polyphase carrier wave from said 
single phase carrier wave source, means respon 
sive to said polyphase carrier wave and to a signal 
from said signal source for producing a carrier 
wave whose phase is shifted in accordance with 
the instantaneous intensity of said signal, said 
wave deriving means comprising a network ener 
gized by said single phase carrier wave source 
and having at least three output terminals with 
internal impedance therebetween substantially 
equal to each other, said network being con 
structed to produce voltages on said terminals 
whose vector sum is equal to zero with sym 
metrical loads connected to said terminals. 

11. In a timing modulation system, a single 
phase carrier wave source, a signal source, means 
for deriving a polyphase carrier wave from said 
single phase carrier wave source, means respon 
sive to said polyphase carrier wave and to a sig 
nal from said signal source for producing a car 
rier wave whose phase is shifted in accordance 
with the instantaneous intensity of Said signal, 
said wave deriving means comprising a network 
energized by said single phase carrier wave source 
and having at least three output terminals with 
internal impedance therebetween substantially 
equal to each other, said network including means 
to produce a carrier wave voltage balanced with 
respect to ground from said carrier wave source, 
a first inductance and a first resistance serially 
connected across said balanced voltage producing 
means, a first condenser and a second resistance 
serially connected across said balanced means, 
three output terminals, a third resistance con 
nected between one of said output terminals and 
ule terminal of said balanced means, a second 
condenser connected between a second output 
terminal and a point between said first inductance 
and first resistance, and a second inductance con 
nected between a third output terminal and a 
point between said first condenser and second 
resistance. 

12, In a timing modulation system, a single 
phase carrier wave source, a signal source, means 
for deriving a polyphase carrier wave from said 
single phase carrier wave source, means respon 
sive to said polyphase carrier wave and to a signal 
from said signal source for producing a carrier 
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wave whose phase is shifted in accordance with 
the instantaneous intensity of said signal, said 
wave deriving means comprising a network ener 
gized by said single phase carrier wave source and 
having at least three output terminals with in 
ternal impedance therebetween substantially 
equal to each other, said network including means 
to produce a carrier wave voltage balanced with 
respect to ground from said carrier wave source, 
a first inductance and a first resistance serially 
connected across said balanced voltage producing 
means, a first condenser and a second resistance 
serially connected across said balanced means, 
a third resistance connected between one of said 
output terminals and one terminal of said bal 
anced means, a second condenser connected be 
tween a second output terminal and a point be 
tween said first inductance and first resistance, 
and a second inductance connected between a 
third output terminal and a point between said 
first condenser and second resistance, said first 
inductance and first condenser being connected to 
the same terminal of said balanced means, said 
third resistance being connected to such same 
terminal, said first and second resistances being 
equal and one third greater than said third re 
sistance, the reactances of said first inductance 
and first condenser at the frequency of a carrier 
wave from said carrier wave source being equal 
to each other and v3 times as great as said first 
resistance, and the reactances of said second 
inductance and second condenser at such carrier 
wave frequency being equal and A W3 times as 
great as said first resistance, whereby the imped 
ance of said network measured between any two of 
said output terminals is resistive at such carrier 
frequency and is equal to three fourths of said 
first resistance, 

13. In combination in a frequency modulation 
system, a carrier wave source, a signal source, 
an electron discharge device including a source 
of electrons and an electrode, means responsive 
to a carrier wave from sair carrier wave source to 
cause an electron density wave to pass recurrently 
at substantially uniform velocity across said elec 
trode, means responsive to a signal from said 
signal source for producing a magnetic flux in 
the region through which said electron density 
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wave passes, said flux having such orientation 
with respect to said wave as to alter said wave by 
changing the velocity of passage of said wave 
across said electrode, said magnetic flux produc 
ing means including an inductance coil connected 
with said signal source and a ferromagnetic flux 
director associated with said coil, the amount of 
change of velocity of passage of said electron 
density wave across Said electrode tending to be 
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more than proportional to the instantaneous 
amplitude of such signal from said signal source 
impressed on said coil, said ferromagnetic flux 
director being saturable within the range of 
amplitude of said signal whereby the amount of 
Such change in velocity is more nearly propor 
tional to the instantaneous amplitude of signals 
from said signal source, the resistance of said 
coil being small relative to the inductive reac 
tance thereof whereby the current produced in 
said coil is substantially inversely proportional 
to the frequency of the signal impressed on said 
coil, and means for deriving a wave voltage from 
said electrode in response to the passage of said 
altered wave across said electrode, whereby, by 
reason of the inverse relationship between the 
flux produced by said coil and the frequency of 
the signal impressed on said coll, the wave volt 
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age derived from said electrode is modulated in 
frequency, the instantaneous frequency of said 
wave voltage being substantially proportional to 
instantaneous signal amplitude regardless of sig 
nal frequency. 

14. In combination in a timing modulation 
system, a source of polyphase carrier waves, a 
source of a signal of varying amplitude, an elec 
tron discharge device including a cylindrical 
cathode, means for focussing electron flow from 
said cathode into radial substantially coplanar 
paths surrounding said cathode, whereby an 
electron disc is formed, means responsive to said 
polyphase carrier waves for producing a periph 
eral electron density wave in said disc by deflect 
ing electrons in said disc in directions normal to 
the surface of said disc and for causing said wave 
to progress around said cathode at a common 
angular velocity, said means comprising a plu 
rality of control elements adjacent said disc 
around said cathode excited in progressive phase 
relation by said polyphase carrier waves, and an 
electrode external to said wave producing and 
rotating means lying in the path of the electrons 
in said wave and traversed by said wave, means 
responsive to said signal of varying amplitude for 
producing a magnetic flux of correspondingly 
varying density in the region through which said 
disc of electrons passes, said flux being so ori 
ented as to alter said wave by changing the ve 
locity of the passage of said electron density wave 
across said electrode, and means for deriving a 
timing modulated wave voltage from Said elec 
trode in response to the passage of said altered 
electron density wave across said electrode. 

15. In combination in a timing modulation Sys 
tem, a source of polyphase carrier wave voltages, 
a source of a signal of varying amplitude, an 
electron discharge device including an electron 
Source, means for focussing electron flow from 
said source into radial, substantially Coplanar 
paths surrounding said source whereby an elec 
tron disc is formed, means responsive to said 
polyphase carrier wave voltages for producing 
a peripheral electron density wave in said disc 
by deflecting electrons in Said disc along respec 
tive radii of said disc in directions normal to said 
disc, and for causing said electron density wave 
to progress about said electron source at a sub 
stantially constant angular velocity, an electrode 
disposed in the path of electrons in said disc 
and traversed by said electron density wave, 
means for altering said electron density wave by 
changing the velocity of its passage across said 
electrode in response to instantaneous ampli 
tude variations in said signal, and means for 
deriving a timing modulated carrier Wave from 
said electrode in response to the passage of said 
altered electron density wave across said elec 
trode. 

16. In a frequency modulation System, a poly 
phase carrier wave source, a signal source hav 
ing low impedance, an electron discharge device 
including an electron source, means for confin 
ing electrons from said source to substantially 
radial, coplanar flow from Said source whereby 
an electron disc is formed, means responsive to 
said polyphase carrier waves for producing a pe 
ripheral electron density wave in said disc by 
deflecting electrons in said disc along respective 
radii of said disc in directions normal to said 
disc, and for causing said electron density wave 
to progress about said electron source at substan 
tially constant angular velocity, an electrode dis 
posed in the path of electrons in said disc and 
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traversed by said electron density wave, an in 
ductance coil, means for impressing a signal from 
Said signal source on said coil whereby signal 
current in Said coil is reduced as the frequency 
of Said signal is increased, means for directing 
magnetic flux produced by signal current in said 
coil into the region traversed by said electron 
density wave with such orientation with respect 
to Said disc as to alter said wave by changing the 
velocity of passage of the electron density wave 
across said electrode, and means for deriving 
a wave voltage from said electrode in response 
to the passage of the altered electron density 
wave across said electrode, whereby said wave 
voltage derived from said electrode is modulated 
in frequency, the sum of the resistance com 
ponent of said signal source impedance and the 
resistance of said coil being equal to the react 
ance of Said coil at a frequency equal to substan 
tially three times the signal frequency at which 
phase shift distortion exceeds a predetermined 
limit. 

17. In a frequency modulation system. a poly 
phase carrier wave source, a signal source hav 
ing low impedance, an electron discharge device 
including an electron source, means for confin 
ing electrons from said source to substantially 
radial, coplanar flow from said source whereby 
an electron disc is formed, means responsive to 
polyphase carrier waves from said source for 
producing a peripheral electron density wave in 
said disc by deflecting electrons in said disc along 
respective radii of said disc in directions normal 
to said disc, and for causing said electron density 
Wave to progress about said electron source at 
substantially constant angular velocity, an elec 
trode disposed in the path of electrons in said 
disc and traversed by said electron density wave, 
an inductance coil, means for impressing a sig 
nal from said signal source on said coll whereby 
signal current in said coil is reduced as signal 
frequency is increased, means for directing mag 
netic flux produced by signal current in said coil 
into the region traversed by said wave with such 
Orientation with respect to said beam as to alter 
said wave by changing the velocity of passage of 
the electron density wave across said electrode, 
and means for deriving a wave voltage from said 
electrode in response to the passage of the altered 
electron density wave across said electrode 
whereby said wave voltage derived from said 
electrode is modulated in frequency, the instan 
taneous frequency of said wave voltage being 
substantially proportional to instantaneous sig 
nal amplitude regardless of signal frequency. 

18. In combination in a timing modulation 
System, a Source of carrier wave voltage. a source 
of intelligence signal voltage of varying ampli 
tude, an electron discharge device including a 
Source of electrons, an electrode in proximity to 
said Source of electrons, and means responsive 
to said carrier wave voltage for causing an elec 
tron density wave to progress recurrently at sub 
stantially uniform velocity across said electrode, 
means responsive to said signal voltage for pro 
ducing a varying magnetic flux in the region 
through which such wave passes of such orienta 
tion with respect to said wave as to alter said 
wave by changing the velocity of its passage 
across said electrode, and means for deriving a 
tinning modulated carrier Wave from said elec 
trode in response to the passage of the altered 
electron density wave across said electrode. 

19. In combination in a timing modulation sys 
tem, a source of carrier wave voltage, a source of 
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signal voltage of varying amplitude, an electron 
discharge device including a source of electrons, 
an electrode in proximity to said electron source, 
and means responsive to said carrier wave volt 
age for producing an electron density wave and 
causing such wave to progress recurrently at sub 
stantially uniform velocity across said electrode, 
means responsive to said signal voltage for pro 
ducing a varying magnetic flux in the region 
through which such wave passes of such orienta 
tion with respect to said wave as to alter said 
wave by changing the velocity of its passage 
across said electrode, the amount of such change 
being more than proportional to the amplitude of 
said signal voltage by reason of the variation in 
the angle of impingement of electrons upon said 
electrode as the velocity of said wave is changed, 
said flux producing means including a flux gen 
erating element connected to have impressed 
thereon said signal voltage and a ferromagnetic 
flux directing element mounted to establish in the 
region through which said wave passes a mag 
netic field of such orientation as to change the 
velocity of said wave in response to said signal 
voltage, said flux directing element being dimen 
sioned to produce such an amount of saturation 
as to offset substantially the non-linearity intro 
duced by the disproportionality of the amount of 
change in velocity of the wave to flux density, 
such flux density being proportional to said signal 
voltage, and means for deriving a timing modu 
lated carrier Wave from said electrode in response 
to the passage of said altered wave across said 
electrode, 
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20. In combination in a timing modulation sys 

tem, a Source of carrier wave voltage, a source of 
signal voltage of varying amplitude, an electron 
discharge device including a source of electrons, a 
plurality of interconnected electrodes circumfer 
entially spaced around said electron source, 
means responsive to said carrier wave voltage for 
producing an electron density wave and for mov 
ing said wave recurrently at substantially uni 
form velocity across said electrodes, said elec 
tron density wave having a wavelength inte 
grally related to the length of the path of said 
electrodes, magnetic means responsive to a signal 
voltage from said signal source for changing the 
velocity of said electron density wave in its pas 
sage across Said electrodes, and means for de 
riving from Said interconnected electrodes a car 
rier wave timing modulated in accordance with 
said signal Voltage. 
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