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My present invention relates generally to de 
tectors of angle modulated carrier waves, and 
more particularly to novel circuits for detecting 
frequency modulated carrier waves. - 
As is well known, in the absence of special pre 

cautions the conventional frequency modulation 
(FM) detector not only has an output dependent 
on frequency variation, but also on intensity vari 
ation of the signal. Even in the case of a bal 
anced FM detector circuit, which has zero out 
put at carrier frequency, cross-modulation effects 
are obtained if the carrier intensity changes dur 
ing production of output energy in response to 
frequency deviation, i. e. simultaneously with 
reception of frequency-modulated signals. In the 
past an amplitude limiter stage has been used 
prior to the FM detector to minimize such car 
rier intensity changes. Limiters are, in general, 
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Another object of my invention is to provide 

deflection electrodes in a beam tube which are 
additionally adapted to function as anodes of 
diode rectifiers. 
Another object of this invention is to provide 

a beam tube detector for FM waves, wherein fre 
quency variable waves cause relatively different 
emission variations from a pair Of SeCOndary 
emission surfaces thereby to provide a resultant 
useful output voltage. - 

Still another object of this invention is to in 
prove reception of angle modulated carrier waves 
by producing variable secondary electron emission 
from an output electrode in response to phase 
departures of a pair of signal voltages from a 
normal phase relation, variations in amplitude 

clipper tubes which require a minimum signal 
to operate, and this minimum signal (threshold. 
improvement level) determines the sensitivity of 
the detector and of the receiver. While a limiter 
normally has a high gain when it is not clip 
ping, a comparatively large portion of the gain 
is diverted into amplifying carrier harmonics 
during actual limiting. For this reason the sta 
bility of the preamplifier is diminished for the 
Weak signal, or no-signal, state, and the receiver 
generally requires a noise muting circuit to sup 
press: reproduction of inter-station noises which 
appear during the normal tuning process. " . 

It is an important object of my invention to 
provide a detector for FM waves which is sub 
stantially non-responsive to carrier intensity vari 
ation without the use of a special limiter stage 
prior to the FM detector. . . . . . . . . . . . . . . . . 

In the conventional and prior FM detectors 
of the type employing opposed rectifiers, usually 
one electron emitter cannot be connected to 
ground, and, therefore, a tube with indirectly 
heated cathode must be used thereby requiring 
increased filament power. This latter fact is par 
ticularly objectionable in- battery-operated re 
ceivers. Another important object of my inven 
tion, therefore, is to improve the construction and 
gain of FM detector tubes by employing a beam 
type of tube permitting the use of a grounded 
primary electron emitter. 

It is a further object of my present invention. 
to provide a beam tube employing a target ele 
ninent having portions capable of emitting second 
ary electrons, and means for controlling the elec 
tron beam of the tuber so as to minimize the 
effects of intensity variations of the received en 
ergy on the output current of the tube. . . . 
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of the signal voltages being automatically Com 
pensated for by control of said variable emis 
sion. . . . . . . . . . . . . . 

Still other objects of my invention are to lim 
prove generally the efficiency and stability of FM 
receivers, and to provide an amplitude limiter 
free FM receiver system which is economical to 
manufacture and assemble, 
The novel features which I believe to be char 

acteristic of my invention are set forth With par 
ticularity in the appended claims; the inven 
tion itself, however, as to both its organization 
and method of operation will best be understood 
by reference to the following description, taken 
in connection with the drawing, in which I have 
indicated diagrammatically several circuit or 
ganizations whereby my invention may be car 
ried into effect. 
In the drawing: . . . . . . 

Fig.1 shows the electrodes of a beam tube of the 
type employed in my invention, 

Fig.2 shows FM detector circuits employing the 
tube of Fig. 1, - 

Fig.2a shows different positions of the electron 
beam on the target, 

Fig. 3 shows a modified tube and circuit. 
Referring now to the accompanying drawing, 

wherein like reference numerals in the different 
figures designate similar circuit elements, there 
is shown in Fig. 1 a tube envelope of any de 
sired configuration. The electron emitter of the 
tube is an indirectly heated cathode which is 
laterally arranged relative to the axis of the tube. 
The emitter f’ may be of the filament type, if 
desired. The emitter f’ provides a beam or sheet 
of electrons S which passes through a narrow 
space or slit between the forward wings or flanges 
7 and 8 of respective deflection plates 2 and 3. 
The plates 2 and 3 are spaced in parallel rela 



2,408,702 
3 

tion, and the fianges 7 and 8 are each bent nor 
mally to the planes of the plates. As will be ex 
plained in further detail at a later point, flanges 
and 8 function as respective spaced diode an 

odes relative to common cathode '. The beam 
or sheet of electrons S passes through Spaced con 
trol grids 4 and 5 and falls on target plate 6. 
The latter, as shown, is provided with a Central 
triangular area, 6. 
The target 6 is of conducting material, and One 

portion of its inner face is a high Secondary elec 
tron emission surface, i. e. it emits a copious flow 
of secondary electrons upon bombardment by the 
beam of primary electrons S. However, the dark 
area, 6’ of the target 6 has a relatively low Sec 
ondary emission characteristic, so that upon 
bombardment of area, 6’ by the beam of electrons 
S relatively less secondary electrons are emitted 
therefrom. The area, 6’ may be provided by a 
coating of carbon for poor secondary electron 
emission, while the high secondary electron emis 
sion may be provided by a caesium oxide coating. 
Further, the target 6 could be made of silver 
magnesium alloys, or caesium on silver. In either 
of the latter cases: there would be formed on the 
target the low emission area, 6’. If desired, the 
area, 6’ of the target may be the Smaller portion 
of the entire area of target 6. 
When the beam S is deflected in such a Way 

that the major portion of the electrons thereof 
land on the high Secondary emission Surface of 
target 6, a large number of negative secondary 
electrons leave the latter. Hence, the target as 
Sumes a relatively positive potential. On the 
other hand, when the beam is deflected so that 
the major portion of the electrons hits the low 
emission surface 3, less electrons leave the target 
6 than are collected. Hence, the target becomes 
relatively negative in potential. The tube shown 
in Fig. 1, therefore, provides a device for varying 
the effective potential of an electrode by sweep 
ing a beam of electrons across secondary emission 
surfaces of different emissivity in accordance 
With the relative potentials of a pair of beam 
control electrodes. 
In Fig. 2 I have shown tube connected in an 

FM receiver to function as an FM detector. The 
FM receiver is assumed to be a Superheterodyne 
receiver employed in the 42-50 megacycle (mic.) 
band, the presently-assigned FM broadcast band. 
In that band each carrier frequency is deviated 
in accordance with modulation signals. The ex 
tent of frequency deviation is a function of mod 
ulation signal amplitude, while the rate of devia 
tion is dependent upon the modulation frequen 
cies per se. The permissible frequency deviation 
or SWing, in accordance with present broadcast 
transmitting standards, is a maximum of 75 kilo 
cycles (kc.) to each side of the carrier frequency. 
The invention is not restricted to the FM fre 
quency range of 42-50 nc., nor to FM. Wave re 
Ception, nor. to the Specific over-all deviation 
range of 150 kc. The term “angle modulated car 
rier Wave' used in this specification includes 
phase nodulated (PM) carrier waves or FM car 
rier waves, or hybrid modulations of PM and FM 
possessing characteristics of each. 
The tube W is an amplifier preceding the usual 

discriminator network feeding the tube . Alm 
plifier W1 may be a non-limiting intermediate fre 
quency (I. F.) amplifier whose input electrodes 
are coupled to a prior I. F. amplifier, or to a con 
Werter. The networks which precede I. F. am 
plifier tube V1 are of suitable and usual construc 
tion. They may comprise a signal collector and 
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- cally represented in Fig. 2) 

4. 
one or more selective high frequency amplifiers 
followed, if the receiving circuits are of the Super 
heterodyne type, by a converter which functions 
to produce the intermediate frequency (I. F.) 
signal energy. 
The I. F. signal energy may be of a mean fre 

quency chosen from a range of 2 to 15 m.c., for 
example 4.3 m.c. : My invention is not limited to 
the specific I. F. band, as values up to 100 m.c. can 
be used. The amplifier W1 amplifies the I. F. sig 
nal energy at the selected 4.3 mic. Value. In the 
plate circuit of amplifier Wi there is arranged a 
resonant circuit C-Li tuned to the operating 
I. F. value. The low potential side of circuit 
'C1-L1 is connected to the B+ terminal of the 
direct current energizing source through resistor 
9, while condenser 0 bypasses all I.F. currents to 
ground. Resonant circuit L2-C2 is tuned to the 
operating I. F. value. Coils L1 and L2 are mag 
netically coupled, while direct current blocking 
condenser C3 connects the midpoint. Of coil L2 to 
the high alternating potential side of circuit 
C1-L1. The network Ci-I1 and C2-H2 and its 
associated elements provide a form of frequency 
discriminator disclosed and claimed by S. W. 
Seeley in his U. S. Patent No. 2,121,103, granted 
June 21, 1938. My invention is not restricted, 
however, to this specific form of discriminator, as 
any other form of suitable frequency discrimina 
tor circuit may be used prior to the tube . 
The output terminals of circuit Ca-L2 are con 

nected to the control electrodes of tube. Elec 
tron emitter f' of tube (the latter is Schemati 

is connected to 
ground, and also to the junction of resistors R1 
and R2. The latter two elements are connected 
in series acroSS the tuned circuit C2-2. The di 
rect. Current blocking condenser f connects one 
side of secondary circuit C2-L2 to the upper end 
of resistor R1, whereas the blocking condenser 2 
connects the opposite side of circuit C2-L2 to the 
lower end of resistor R2. 

Deflection plate 2 is connected to resistor R1, 
and deflection plate 3 is connected to resistor R2. 
It Will be. Seen that each of diodes - and 
'-8.is connected in shunt with a respective one 

of resistors R1 and R2, the junction of the latter 
being at ground potential. The grid 5 is estab 
lished at a suitable positive potential B----, the 
voltage supply lead being properly bypassed to 
ground for I. F. currents by condenser f3. The 
grid 5 acts, therefore, as a positive screen grid. 
Grid 4 is connected by lead f4 to condenser C3 
So that the I. F. voltage across primary circuit 
C1-i-Li is applied to grid. 4. A resistor R3 is con 
nected from grid 4 to ground thereby to develop 
across the resistor, in a manner further described 
hereinafter, a rectified voltage which, after filter 
ing at 4 in the usual manner, is used for A. W. C. 
bias. The A. W. C. (automatic Volume control) 
bias may be applied by lead 5 to the signal con 
trol grids of prior signal transmission tubes for 
the customary A. W. C. action. 
The target or secondary emitter 6 may be con 

nected directly to ground. However, it is pre 
ferred rather to connect target 6 to a potential 
point which is positive relative to ground, but 
which is kept substantially less positive than the 
potential of screen 5. In Figs. 2 and 3 the lower 
positive potential of electrode 6 is denoted by 
one plus sign, in place of the two plus signs of 
screen 5. This positive potential of target S Will 
ermit the landing of an increased number of 

primary electrons, and thereby augments the 
emission of secondary electrons. While it is 
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true that the target 6 would assume a positive 
potential due to the net loss of electrons anyway, 
target. Voltages of higher gain can be obtained 
if the target is started at a positive potential. 
The screen 5, of course, functions as an electron 
collector, since it collects all secondary electrons 
emitted by the target 6. The target. 6 is con 
nected to its B-- terminal by resistor - 6 bypassed 
to ground by condenser, 6' for E.F. currents. 
The Voltage developed across resistor-6 is mod 

lilation signal voltage. It corresponds to, and 
is representative of, the modulation signals emi 
ployed to modulate the carrier at the FM trans 
mitter. The modulation amplifier V2 has its in 
put grid electrode coupled to the resistor 6 by 
blocking condenser 9 to amplify the modulation 
signal Voltage across the latter. The resistor if S 
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is a high impedance element and provides high . 
gain for amplifier W2. The amplified modulation 
signal Voltage is developed across the resistor 7 
arranged in the plate circuit of tube Wa. By 
paSSed cathode bias resistor 9' provides normal 
negative bias of amplifier W2. The amplified volt 
age, when of audio frequency, will be further am 
plified and finally reproduced in any desired man 
e. 
There will now be explained the manner in 

Which the present circuit functions to derive the 
modulation voltage from the FM waves. The I. 
F. or other high frequency signal energy at pri 
mary circuit Cr-El is induced in the secondary 
circuit C2-T2 by the magnetic cotipling there 
between. The induced voltage tEndergoes a phase 
shift of substantially 90 when the I. F. energy 
mean frequency is equal to the predetermined 
resonant frequency of the coupled turned circuits. 
The phase-shifted voltage is applied to plates 2 
and 3 in push-pull relation due to the midtap on 
Coil L2. The primary Woltage is also applied to 
the midpoint of coil. E2 through condenser C3 
This Voltage is applied in parallel relation to 
plates 2 and 3, and suffers no phase shift since 
blocking condenser C3 is too large in capacity value 
to cauSe a phase shift in the voltage applied 
therethrough 

Hence, at each of deflection plates 2 and 3 
there exists a resultant voltage which is produced 
by the vectorial combination of one of the par 
ael Voltages, and One of the phase-shifted. Volt 
ages. The resultant Voltages at the deflection 
plates are in phase quadrature and of equal mag 
nitude for the condition of resonance betWee 
the mean frequency of the I. F. energy and the 
predetermined resonant frequency of the discrim 
inator circuit. Should the mean frequency of 
applied I. F. energy instantaneously depart from 
the resonance condition, the phase relations Will 
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depart from the quadrature relation, and the re 
Sultant Woltages. Will be unequal. It Will, there 
fore, be seen that the resultant Voltages on diode 
anodes 7 and 8 and the respective deflection plates. 
2 and 3 vary in relative magnitude in response 
to the frequency deviations of the applied I. F. 
energy. 
The beam or sheet of electrons S, whose plane 

is normal to the plane of target. 6, is shifted or 
deviated in response to the variations of the Enag 
nitudes of the resultant voltages provided at the 
deflection plates, 2 and 3. It will be recalled that 
tube. W1 is a non-limiting amplifier, and applies 
both frequency and amplitude variations of the 
carrier to the circuit C-Lil. The resultant Volt 
ages at each end of E2-C2 are rectified by re 
spective diodes '-' and '-8. . Thus, there is 
developed across each of resistors. Ri and R2, rec 
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6 
tified voltages derived from the respective re 
Sultant voltages. These rectified voltages will be 
equal at resonance, and be unequal in response 
to inequality of the resultant vector voltages at 
the ends of E2-C2. The effect of the rectified 
Woltages acroSS R. and R2, impressed on defiec 
tion plates. 2 and 3 respectively, on the sheet of 
electrons S will be to deviate the latter relative 
to its normal median position and in accordance 
With frequency modulation of the received sig 
nail, 

Fig. 2a shows the manner in which the target 
is swept by the beam or sheet of electrons S. 
When the deflection plate 2 is more negative than 
the defection plate 3: the electrons will be de 
flected towards the plate 3. The dotted line a...of 
Fig. 2d shows the vertical line of bombardment 
of target. 6 at the instant, when, deflection plate 
2 is most negative relative to deflection plate 3. 
Since few secondary electrons are emitted from 
the high emission surface of the output elec 
trode or target 6 because such surface is not in 
pacted by the electron beam, and the area, 6’ 
Struck by the electron beam is of low secondary 
electron emissivity, so that negative electrons 
collect on the target, the target S is at its least 
positive potential. 
When the plates. 2 and 3 are instantaneously 

of the Same negative potential, as when the cein 
ter, frequency of applied signal energy is equal 
to the resonant frequency of the discriminator 
circuit, the sheet of electrons, S. will be in the 
median position. The dotted line b in Fig. 2d. 
represents the line...of bombardment of target 6 
in Such case. In this case the electronbeam may 
be divided substantially equally between the high 
secondary emission, area and the low emission 
area, 6’ of the target 6, and the output electrode 
6; assumes...a median potential which is positive 
relative: to its biasing potentia B-. The poten 
tia of output electrode 6 under this condition is 
more positive than in the case. When the elec 
trons fall at Eine a. If the deflection, plate 3 
should assume, its host negative potential, for 
which the circuits are designed relative to plate 
2, then the dotted Fine c in Fig.2a would repre 
sent the defection of electrons towards plate 2. 
Here the electrobean impacts substantially en 
tirely on the high secondary electroni emission 
area of the target electrode 6, and the maximum 
number of negative recording electrons leaves the 
target, Hence, the electrode 6: attains its most 
positive potential which most closely approaches 
the potential of screen grid 5. It will according 
ly be understood that the potential of output 
electrode 6 varies from a more positive to a less 
positive value as the electron beam seweeps from 
line c to line ca, and from a less positive to a 
more positive value as the electron beam moves 
in the opposite direction. This develops a cor 
responding potential across high impedance 6, 
which is amplified with high gain at mod 
ulation amplifier W2. The secondary emission 
is collected by screen 5. When this emission 
is large the target 6 appears to be connected 
to screen 5 through the resistance of the sec 
ondary emission. In other words, the second 
ary electron: stream from target. 6 to collec 
tor 5. functions, somewhat in the manner of a 
Connector of Variable resistance. The magnitude 
of the effective resistance depends on the posi 
tion of beam S. on the target 6. When the emis 
sion from target: 6 to screen 5 is high, then tar 
get S is effectively closer to B-s-- in potential. 
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When beam 5 is at line b of Fig. 2d, the applied 
FM waves are at mean frequency. 
As heretofore indicated, the constants of the 

tube and its circuits are preferably so adjusted 
that the sheet of electrons S is swept between 
lines c and a of Fig. 2 as limits. The purpose of 
this is to keep the beam from sweeping to the 
right of line a, and rendering the electrode 6 
highly positive thereby producing a false impres 
Sion that the beam is really at line C. Of course, 
cutting the target at line a Will, also, prevent 
over-swinging of the beam. In order to elim 
inate the effect of any change in the amplitude 
of the carrier, the primary voltage at C1-L1 is 
applied through condenser C3 without phase li 
shift. The electrode 4 acts in the manner of an 
anode of a diode rectifier consisting of electrodes 
i' and 4. Resistor R3 is the load resistor, and 
direct current WOltages thereaCrOSS are propor 
tional to carrier amplitude variations. The di 
rect current voltage across resistor R3 will bias 
control grid 4 negatively with respect to ground. 
This negative bias will affect the intensity of the 
beam current and the consequent Secondary elec 
tron emission from target 6. 

Accordingly, the potential variation of target 6 
will be reduced When the carrier amplitude is in 
creased, and the reverse will be true when the 
carrier amplitude is decreased. This Will pre 
went any increase in the slope of the typical dis 
criminator characteristic if carrier amplitude in 
creases. By the proper adjustment of the mag 
nitude of resistor R3 the gain control by virtue of 
the action of grid 4 or the intensity of the elec 
tron beam can fully compensate for the varying 
deflection due to carrier amplitude changes, si 
multaneously with the reception of frequency 
modulated signals. In other words, the variable 
bias grid 4 functions to minimize the effect of 
carrier amplitude variation on the electron stream 
S which flows to the target 6. Amplitude war 
iations which occur at times of no signal recep 
tion balance out by having equal effects on the 
potentials of the deflection plates. For these 
reasons the amplifier Wi may be a non-limiter 
device. Furthermore, as heretofore stated, the 
voltage across resistor R3 may be used for bias 
ing previous signal transmission tubes thereby 
functioning as a usual A. W. C. circuit. 
In Fig. 3 I have shown a modified form of cir 

cuit, wherein the deflecting plates of tube f do 
not function aS diode anodes. In this modifica 
tion special electrodes 7 and 8 are employed on 
either side of the cathode f', the electrodes 7 
and 8' functioning as the anodes of diodes '-7' 5 
and f'-8". The deflection plates are divergent, 
and are indicated by numerals 2 and 3. The 
resistors R1 and R2 in this case are connected as 
before between the anodes and the common 
cathodes of the respective diodes. The compen 
sating grid 4 is located in this modification closely 
adjacent to emitter ' in Order to provide better 
control action. Furthermore, a beam-forming 
electrode 9 is utilized between grid 4 and the in 
put end of the deflection plates to provide a Well 
defined beam on the target 6. 

In the modified embodiment of Fig. 3 the re 
sultant vector voltages at the opposite sides of 
Secondary circuit C2-L2 are applied to diodes 
f'-7 and '-8" for rectification. The load re 
sistors R1 and R2, respectively in circuit with the 
last mentioned diodes, develop across each of 
them the required direct current voltages for war. 
iable biasing of deflection plates 2' and 3’. The 
filters 20-21 and 20'-2' prevent any I. F. 
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8 
voltages from affecting the deflection plates. 
Since each of plates 2' and 3' are connected to 
the respective anode ends of resistors R1 and R2, 
they will function in the same manner as ex 
plained in connection with Fig. 2. The control 
grid 4, being adjacent the electron emission Sur 
face of cathode f', will exercise a rigid control 
over the primary electron emission. AS in the 
case of Fig. 1, the primary circuit (C1-T1) volt 
age is applied to grid 4, and the rectified voltage 
across adjustable resistor R3 is used to vary the 
intensity of the beam of electrons sweeping the 
target 6. The rectified voltage across resistor 
R3, after proper filtering, may be used for A. W. C. 
bias. The embodiment of Fig. 3 functions other 
Wise in the manner described in connection with 
the preferred circuit of Fig. 2. 
The area, 6’ of target 6 need not be restricted 

to a triangular configuration. If the beam of 
electrons is sufficiently thick, the target could 
have one path of its active face provided with a 
carbon coating and the other half could be a 
caesium Surface. In this way according to the 
area of the beam landing on either surface, the 
potential of target 6 would vary. It is preferred 
to employ a triangular low emission area 6', since 
it is a simple configuration and is particularly 
Suitable for the practice of my invention. 
While I have indicated and described several 

systems for carrying my invention into effect, it 
Will be apparent to one skilled in the art that 
my invention is by no means limited to the par 
ticular organizations shown and described, but 
that many modifications may be made without 
departing from the scope of my invention. 
What I claim is: 
1. In combination with a beam tube of the type 

having an output electrode provided with a sec 
Ondary emission area of predetermined non-uni 
form configuration, means, adapted to be respon 
sive to phase displacements of a pair of alternat 
ing current voltages from a predetermined nor 
inal phase relation, for sweeping the electron 
bean of Said tube over said area thereby to vary 
the potential of Said output electrode and means 
responsive to amplitude variations of said volt 
ages for automatically controlling the intensity 
of said beam. 

2. In an angle modulated carrier wave re 
ceiver, a demodulator of the beam tube type pro 
Vided With an output electrode having at least 
tWO Secondary electron emission areas of differ 
ent predetermined non-uniform configurations 
and of different emissivities, one of said areas 
Completely surrounding the other area, means for 
translating received Waves into a pair of modu 
lated Wave Voltages of equal magnitude for the 
condition where the mean frequency of the re 
ceived Waves is equal to that of a predetermined 
reference frequency, means responsive to instan 
taneous inequalities of Said pair of voltages for 
Variably deflecting the electron beam of the de 
modulator tube in Such a manner as to variably 
Sweep the beam across said two areas, and means 
for deriving from said output electrode a voltage 
representative of the modulation of the received 
waves. 

3. In an angle modulated carrier wave re 
ceiver, a demodulator of the beam tube type pro 
Vided With an output electrode having at least two 
secondary electron emission areas of different 
non-uniform configurations and of different 
emissivities, means for translating received waves 
into a pair of modulated wave voltages of equal 
magnitude for the condition where the mean fre 
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quency of the received waves is equal to that of 
a predetermined reference frequency, means re 
Sponsive to instantaneous inequalities of Said pair 
of voltages for variably deflecting the electron 
beam of the demodulator tube in such a manner 
as to variably sweep the beam across said two 
areas, means for deriving from said output elec 
trode a voltage representative of the modulation 
Of the received Waves, and means, responsive to 
Carrier amplitude variation, for controlling the 
intensity of Said beam in a sense to render Said 
output electrode voltage independent of said car 
rier amplitude Wariation, 

4. In combination with a beam tube of the 
type having an output electrode provided with a 
Secondary emission area of predetermined non 
uniform Configuration, means, adapted to be re 
Sponsive to phase displacements of a pair of al 
ternating current voltages from a predetermined 
normal phase relation, for sweeping the electron 
beam of Said tube over Said area, thereby to vary 
the potential of said output electrode, and means, 
responsive to amplitude variation of said alter 
nating current voltages, for controlling the in 
tensity of said beam in a sense to render the out 
put electrode potential independent of said am 
plitude variation. 

5. In a receiver of frequency modulated car 
rier waves, a discriminator network for deriving 
from received Waves a pair of voltages whose rela 
tive magnitudes are a function of frequency de 
viations of the mean frequency of the received 
waves with respect to a predetermined reference 
frequency, means providing a beam of electrons, 
an output electrode provided with a non-uniforn 
secondary emission Surface adapted to be traV 
ersed by said beam thereby to vary the effective 
potential of the output electrode, a pair of beam 
control elements, and means responsive to varia 
tions in the relative magnitudes of said pair of 
voltages, for differentially biasing said beam con 
trol elements to control the secondary emission 
from said surface. 

6. In combination with a beam tube of the type 
having a target provided with a secondary emis 
sion area of predetermined non-uniform con 
figuration, means, adapted to be responsive to 
phase displacements of a pair of alternating cur 
rent voltages from a predetermined normal phase 
relation, for Sweeping the electron beam of Said 
tube over said area, thereby to vary the potential 
of said output electrode, and means responsive to 
the amplitude of at least one of said alternating 
current voltages for controlling the intensity of 
the electron beam. 

7. In an angle modulated carrier wave receiver, 

5 

O 

V 

20 

40 

45 

50 

a demodulator of the beam tube type provided. 
with an output electrode having at least two Sec 
Ondary electron emission areas of different emis 
sivities and different non-uniform shapes, one of 60 

10 
said areas completely surrounding the other area, 
means for translating received Waves into a pair 
of modulated wave voltages of equal magnitude 
for the condition where the mean frequency of 
the received waves is equal to that of a predeter 
mined reference frequency, and means respon 
sive to instantaneous inequalities of said pair of 
Woltages for variably deflecting the electron beam 
of the demodulator tube in such a manner as to 
Variably SWeep the beam acroSS said two area.S. 

8. In an angle modulated carrier wave receiver, 
a demodulator of the beam type provided with an 
Output electrode having at least two secondary 
electron emission areas of different predetermined 
non-uniform configurations and of different 
emissivities, means for translating received waves 
into a pair of modulated wave voltages of equal 
magnitude for the Condition. Where the mean 
frequency of the received waves is equal to that 
of a predetermined reference frequency, means 
responsive to instantaneous inequalities of said 
pair of voltages for variably deflecting the elec 
tron beam of the demodulator tube in such a 
manner as to variably Sweep the beam across said 
two areas; and means, responsive to carrier am 
plitude variation, for controlling the intensity of 
said beam in a sense to render output electrode 
voltage independent of said carrier amplitude 
variation. 

9. In combination with a beam tube of the type 
having an output electrode provided with a sec 
Ondary emission area of predetermined non-uni 
form configuration, means, adapted to be respon 
sive to phase displacements of a pair of alter 
nating current voltages from a predetermined 
normal phase relation, for Sweeping the electron 
beam of Said tube over said area thereby to vary 
the potential of said output electrode, and a grid 
in said beam, responsive to amplitude variation 
of said alternating current voltages, for control 
ling the intensity of said beam in a sense to render 
the output electrode potential independent of 
Said amplitude variation. - 

10. In a receiver of frequency modulated car 
rier waves, a discriminator network for deriving 
from received waves a pair of voltages whose 
relative magnitudes are a function of frequency . 
deviations of the mean frequency of the received 
Waves with respect to a predetermined refer 
ence frequency, means providing a beam of elec 
trons, an output electrode provided with a non 
uniform secondary emission Surface adapted to 
be traversed by said beam thereby to vary the 
effective potential of the output electrode, and 
a pair of beam control elements, responsive to 
variations in the relative magnitudes of said 
pair of voltages, to control the secondary emis 
sion from Said Surface. 
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