
2,220,689 NOV. 5, 1940. H_ SHORÈ 
OSCILLATORY CIRCUITS 

Filed Jan. 26, 1934 



Patented Nov. 5, 1940 

UNITED STATES 

ì 2,220,689 ' 

rsNr oFFlcE 
2,220,689 

OSCILLATORY CIRCUITS 

Henry Shore, Elizabeth, N. J., assigner to Radio 
Corporation of America, a corporation of Dela 

` ware 

Application January 26, 1934, Serial No. 708,352: 

10 Claims. 

This invention relates to an improved method 
of and means for transmitting bands of frequency 
and in particular to a new method of and means 
for transmitting wide bands of frequency. The 

5 Aprinciple upon which this invention works is 
based on modulating an intermediate frequency 
by the desired frequencies and then compressing 
the resultant band of frequencies to a narrower 
band. This band is then rectiñed and the result 

10 ant signal is impressed on a transmitter in the 
usual manner for transmission. At the receiving 
end the compressed frequency band comprising 
the signal is expanded back to its former range 
of frequency vand then utilized in any desired 

15 manner. 
The present invention is of wide interest in the 

radio art since it is desirable in many cases that 
the frequency band worked with be of narrow 

» width. For example, in signalling by code or by 
.“§` telephony a single side band is used in some cases 

to narrow the frequency spectrum taken up by 
the transmitter. This side band may, in accord 
ance with my invention, be further limited. In 
high speed code transmission and multiplex or 

25 multiplex channel transmission, or facsimile, it 
is of extreme importance that the signals on the 
various channels be limited in their frequency 
range as much as possible. The invention is, of 
course, of particular interest in television and 

30 facsimile where the modulating frequencies may 
cover an extremely wide frequency range. 
Prior to this invention great diñiculty has been 

entailed in transmitting wide band of frequencies 
such as are required for television. This is due 

35 in part to resonance phenomena of the various 
circuits in the transmitting equipment and in the 
transmission lines or the transmission antenna. 
A further consideration is that due to the mul 
tiplicity of transmitting static-ns in use, the 

40 limited number of transmitting bands available 
are in many cases too narrow to permit trans 
mission of signals whichl require a wide band of 
frequencies. This invention proposes by means 
disclosed below to eliminate this difñculty. In 

45 the case of television, for instance, where to 
transmit an image of suitable detail a frequency 
band of from zero to 250,000 cycles is required, 
transmission of said wide band is rendered 
simple by my.invention. My invention will en 

50 able this range of frequencies to be compressed 
to say 5,000 cycles and thus this wide frequency 
range may be, after compression, transmitted 
over the ordinary broadcast and short wave trans 
mitters in use today. 

55 My inventioIrìS,` ofcourse, ¿applicable to lall 

(Cl. 1’78-44) 
types of message signalling as well as to the send 
ing of television and facsimile. For example, in 
telephony and telegraphy as known anyv means of 
reducing the lwidth of the signal band for trans 
mission over lines or through the air is exceeding- 5 
ly desirable. In addition my invention is ap 
plicable to secret signalling since although the 
signals may be received on any receiver,"only 
receivers which include my novel features, in 
cluding the frequency range expander, can with l0 
facility unscramble the signals. My invention, 
therefore, is of Wide application in the art of com 
munication. This is true whether all of the 
yenergy resulting from modulation is used or a4 
selected part thereof. ’ ’ A 

The novel features of my invention have been 
pointed out with particularity in the claims ap 
pended hereto.' A A , 

The nature of my'inventionv and the manner> 
in which the same is carried out will b_e under 
stood from the following detailed de-iscription>` 
thereof and therefrom When read in connection 
with the drawing in which: _ ' 

Figure 1 shows schematically a signalling'de‘ 
vice including frequency range compressing 
means, modulating means and signal transmitting 
means, ' 

Figure 2 illustrates diagrammatically signal re 
ceiving means including frequency range expand 
ing means and demodulating means; while, 

Figure 3 illustrates details of the frequency 
band compressors and expanders used in .the 
transmitter and the receiver of Figures 1 and 2, 
respectively. - 

In Figure 1, A represents a modulation fre 
quency amplifier which may be connected to any 
source of modulating potentials The> modulating 
potentials from this source may cover a wide 
band of frequencies. The output of A ̀ is im 
pressed on a modulator B which is also supplied 
by intermediate frequency oscillations from a 
generator O. All of the energy in the output of 
modulator B is impressed upon a frequency band 
compressor in C. The band of frequencies after 
compression in C may where desired be impressed 
on an additional frequency band compressor 
in D. Additional frequency band compressors 
may be connected in cascade with D if necessary. 
The compressed frequency band is then impressed 
on rectifier E and the output of rectifier E may 
be utilized to modulate a transmitting device 
including a source of oscillations. The modu 
lated Wave from the transmitting device may be 
radiated from an aerial TA or sent over trans 
mission lines. » 
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2 2,220,689 
In Figure 2, G is a receiver responsive to the 

energy transmitted from TA and received on RA. 
The signal modulated energy is demodulated in 
G and amplified in H. The demodulated energy 
from H is impressed on a modulator' J, which is 
in turn supplied by intermediate frequency oscil 
lations from O’. The modulated intermediate 
frequency oscillations are impressed from J on 
to a frequency band expander K and from K 
on an additional frequency band expander L. 
The output of L is impressed on a rectifier M 
and from the rectifier the signals corresponding 
to the original signals at the source connected 
with A may be utilized in any desired manner. 

In operation the signals from A modulate the 
intermediate frequency oscillations in B to pro 
duce a band of frequencies. This band of fre 
quencies is then fed into the frequency band com 
pressor in C. The frequency band compressor in 
C may be as illustrated in Figure 3 and may com 
prise a thermionic tube I0, having its control grid 
coupled as shown to the output of B. The addi 
tional grid I2 is connected to a source of poten 
tial I4 by Way of a band pass filter IE5, said band 
pass filter comprising parallel inductances and 
capacities and a resistance and series inductance 
and capacity element connected as shown, and re 
sponsive to a band width equal to that of the out 
put of the modulated oscillator in B. The anode 
electrode I8 is also connected as shown to a point 
on the source Id to apply a potential to the anode 
less than the potential applied to the electrode I2. 
The band pass ñlter 20 in the anode circuit may 
be as shown and may have a frequency range` 
which bears the relation of 

l 
N 

to the band pass filter in series with the grid I2. 
N is an integer l, 2, 3, 4, 5, etc. 
When the control grid is maintained negative 

by a biasing battery connected as- shown and the 
anode is maintained at a positive potential less 
than the potential of the grid I2 a negative re 
sistance characteristic will be obtained in the tube 
I0 and its associated circuits. If so operated, the 
tube I!) Would generate oscillations of a frequency 
determined by the constants of the band-pass 
ñlter 20. Since a band-pass filter has impedance 
and phase angle suitable for oscillation at any 
frequency within its band-pass range, the Ifre 
quency of the oscillation will be that in which the 
ñlter offers the optimum value of impedance and 
phase angle taken in conjunction with the rest 
of the circuit constants. Any slight change in 
constants external to the ñlter, such as plate volt 
age or grid excitation, Will produce a change in 
frequency. In other words, it is a very uns-table 
oscillator and its frequency can be readily con 
trolled by the injection of a controlling frequency. 
The energy appearing in the output of the mod 

ulator B is applied to the input circuit of the 
tube I0 and consequently acts as the source of 
control energy. Since in general, this source Will 
be a complex aggregation of frequencies the oscil 
lations in 2li will be confined to those frequencies 
Within the pass band of 28. The ñlter 2t! may be 
tuned to any harmonic or sub-harmonic of the 
range of frequencies impressed on Ithe input cir 
cuit «of the tube I0 and when so tuned will oscil 
late at said harmonics. By proper selection of 
circuit constants, 4the amplitude of the oscilla 
tions can be made to be proportional to those of 
the controlling frequency and, of course, Will be 
held in step with the harmonic or sub-harmonic 

frequency of the controlling source impressed on 
the input of tube lli. When filter elements are 
so related and tuned the relative phases of the 
currents and potentials flowing in the tube cir 
cuits will be such as to enhance the production 
of oscillations of the desired harmonic or sub 
harmonic. By making the band-pass range of 
the ñlter I6, the same as that of the output of 
the modulator B, the degree of control of the fre 
quency of the oscillations of the circuit 20 is en 
hanced and helps to eliminate any spurious fre 
quencies which might be introduced by distortion 
caused by change of characteristics of the tube I0. 
Under a condition Where it is desirable to operate 
the filter 20 on a harmonic or sub-harmonic 
range remote from the controlling frequency, the 
filter I5 should have a harmonic band-pass range 
intermediate between that of the input circuit of 
tube I0 and that of the filter 20 as this enhances 
the degree of control of the oscillations in the 
circuit 2G. A circuit somewhat similar to the cir 
cuit described above to be used for other pur 
poses has been described in detail in Whitaker 
Patent No. 2,067,365 issued January 12, 1937. 
The band of frequencies of compressed rangeA 

may be applied from the iilter circuit 2i) by way 
of a coupling condenser to any additional circuit 
and is preferably applied to-a second frequency 
band compressor in stage D. This compressor 
may be as illustrated in Figure 3 and a descrip 
tion thereof is thought unnecessary. It may be 
noted, however, that the band pass filter in the 
device in D in series with the auxiliary grid is 
preferably tuned to the same frequency range as 
that of the band pass ñlter in the anode circuit of 
the preceding frequency band compressor in stage 
C. The band-pass ñlter circuit in series with the 
anode of the second compressor stage tube in D 
has a range which is given by the relation 

l 
M 

where M is an integer which may be equal to N 
or may have some other Value. Additional fre 
quency band compressors may be added where 
desired and the output of «the fina-l compressor 
may be rectified in E and the -rectiñed energy 
components may be utilized in any well-known 
manner to modulate carrier wave oscillations for 
transmission. The compressed frequency range 
will now be of such a width that it can be readily 
handled and readily impressed by the usual 
known apparatus on carrier Waves now used in 
the broadcast and short Wave frequency bands. 
The transmitter feeds the energy to a transmis- 
sion line or to a radiating system TA. 

It will be seen that by my novel method and 
circuit arrangement the width of the band it is 
desired to transmit may be reduced by the factor 
equal to the product of N and M. Thus if N is 2 
and M is 3, the band width has been reduced to 

m 
2X3 

or 1/6 of its original Value. Of course, additional 
compressors may be used to further reduce the 
band or the value of N and M may be increased to 
accomplish the same result in a lesser number of 
compressors. 
At the receiving end the signal is detected in 

the receiver G. The detected signal energy will 
have a frequency band equal to the output of stage 
D of the transmitter. This frequency band is 
then impressed on the amplifier H and from the 
ampliiier_I-I on to a modulator J, which is also 
supplied With an intermediate frequency carrier 
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from O’ to modulate the-carrierV in J. The modu 
lation energy from J is then fed on to> a Vpair of 
frequency band expanders K and L connected in 
series as shown. VMore expanders may be used 
if desired. The frequency band expanders may 
take the form of the circuits shown in Figure 3 
which has already been described except as noted 
otherwise hereinafter. When the signals are to 
be expanded, however, the circuit 20 connected 
with the anode i8 of tube l0 may be tuned to a 
frequency band M times the frequency band of 
the energy in the output of the modulator, that 
is, the detected signal. For best results with 
respect to the phase relation of kthe associating 
currents and potentials in the circuits and on the 
electrodes of the tube l0 when used as an ex 
pander the. band-pass filter 2li yshould be tuned 
to a frequency range N times the frequency band 
of the detected signal. The expanded frequency 
band energy from the anode circuit of the first 
expander stage is fed to the input circuit of the 
second expander stage in L. The anode circuit 
band-pass _filter of this stage may be tuned to a 
frequency band range N times _its screen grid 
filter frequency band range and N times the fre 
quency of the energy impressed on the input of 
this stage. In other words the band pass filter 
in the anode circuit of this second stage is tuned 
to pass a frequency band equal to M times N 
times the signal in the output of the demodulator 
G at the receiver. The output of the final fre 
quency band range expander is then impressed on 
a rectifier M and we have kin the outputthereof 
signals of a frequency range equal to the fre 
quency range of the signals impressed on the 
amplifier A at the transmitter. During trans 
mission, however, we have converted this ex 
tremely wideV frequency band range to a narrow 
frequency band range which may be readily trans 
mitted through the air or over Wire lines. 
As an example of the above, suppose it is de 

sired to transmit a band width of 10,000 cycles. 
The signal is impressed on modulator B which 
modulates the intermediate frequency oscillations 
of 200 kilocycles. The output nowoccupies a 
band width of 190 to 210 kilocycles. This is fed 
to C which has its screen grid >band--pass filter 
set to pass frequencies from 190 to 210 kilocycles. 
The plate load is also a band-pass filter, but since 
we wish to divide by two, its range of pass is from 
95 to 105 kilocycles. 'I‘he output of this stage is 
then fed to D. Here the screen grid band-pass 
range is set for 95 to 105 kilocycles while its plate 
filter is set for 31.07 to 35 kilocycles, since we wish 
to divide in this stageby three. The output of 
this stage is then rectified and gives as a result 
a frequency band of 1.67 kilocycles which is used 
to modulate the transmitter.  
At the receiving end, the rectified signal has this 

same band width (1.67 kilocycles). This output 
of the rectifier G goes to a modulator J, which is 
supplied with oscillations from an intermediate 
frequency oscillator O", say of 33.33 kilocycles 
frequency. The modulated output ofr J has a 
band width of 31.67 kilocycles to 35.0 kilocycles. 
This energy is fed to a frequency band multiplier 
stage K which has in its screen grid circuit a 
filter with a band pass of 31.67 to 35 kilocycles. 
Since we Wish to multiply by three in this stage, 
the plate circuit thereof includes a filter having 
a band pass of from 95 to 105 kilocycles. The 
output of this stage K feeds into a second fre 
quency band multiplier L which is'to multiply 
the band between 95Vand 105 kilocycles byA 2. In 
this-stage the screen grid- filter has a band-pass 

of from 95' to 105 kilocycles while the plate filter 
has a band-pass of from 190 to 210 kilocycles. 
The output of this stage is rectified and the out 
put then has a band width of from 0-10,000 
cycles, or, in other Words, the original band width. 
Note that in transmission the band width was 
only'two times the compressed signal width, i. e., 
2><l.67 or 3.33 kilocycles as compared to 20 kilo 
cycles which it would have been if conventional 
transmission had been used. Again it represents 
considerable saving even over single side band 
transmission which would have required a band 
width of 10 kilocycles. Of course, the compressed 
signal can be used to modulate a single-side band 
transmitter as well and so eñect even greater 
economy. 
Where the phase relation of and between the 

various components of the complex signal to be 
compressed is important said signal may be 
passed throughl a phase shifter PS before it is 
impressed on the modulator B. The phase shifter 
may be of any type as long as it provides the de 
sired correction of the overall phase characteris 
tics to the signal. 

If the complex signal wave in the output of the 
receiver does not truly represent the complex 
wave at the input of the transmitter the de 
modulated wave may be passed through a phase 
shifter P'S’ at the receiver output. _ 
The application of the present invention in the 

radio art is obviously unlimited. I have pointed 
out some applications thereof in the prior de 
scription and in the4 description as follows. It 
will be understood, however, that I do not limit 
my invention tothe uses mentioned. 
An obvious application of my frequency range 

compressor and expander system consists in 
rectifying theoutput of the iinal compressor at 
the transmitter and feeding this rectified signal 
into any converter, the output of which is to key 
a class C transmitter. At the receiver end the 
signal may be integrated as disclosed in Shore 
United States application No. 654,088, filed J anu 
ary 20, 1933, Patent No. 2,031,134 dated February 
18, 1936, and the energy from the output ofthe 
integrater may then be fed into one or more 
cascaded stages of bandfrequency expanders as 
described hereinbefore, and thus expanded back 
to its original band width for utilization purposes. 

It is, of course, apparent that radio transmit 
ters need not be used but that the output of 
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stage D might be placed on telephone lines or v 
other transmission channels. This, of course, 
would be highly desirable for the transmission of 
television programs since by compressing the de 
sired frequency band to within the limits of the 
telephone lines existing equipment and lines may 
be used over‘nation-wide net Works. 
The filter> circuits in the auxiliary grid and 

anode circuits of the frequency expander and 
compressor may be as shown or may be modified 
in various respects without departing from the 
spirit of the present invention. In some cases 
the band pass filters may be of simpler structure, 
in other cases more complex filters may be nec 
essary. All that is necessary in any case is that 
the filter be resonant over the desired band fre~ 
quency. 
Having'thus described my invention and the 

operation thereof, what v1I claim is: 
1. The combination with a source of signal 

oscillations which cover a considerable frequency 
spectrum, of an intermediate frequency oscillator 
and a modulator connected to said oscillator and 
to‘said source, a thermionic tube having a con 
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trol grid circuit coupled to thevvoutput of said 
modulator, said tube having an anode, a cath 
ode and an auxiliary electrode, a ñlter circuit 
responsive to a frequency band of considerable 
width but of less width than the frequency spec 
trum of the signal oscillations connected with 
the anode of said tube, said filter circuit being 
tuned to a mean frequency which is sub-har 
monically related to the frequency of the energy 
in the output of said modulator, means for ap 
plying positive potentials to the anode of said 
tube, and means for maintaining said auxiliary 
electrode at a positive potential higher than the 
potential applied to said anode, whereby a neg 
ative resistance characteristic is obtained in said 
tube. 

2. The combination with a source of signal os 
cillations which cover a considerable frequency 
spectrum, of an intermediate frequency oscillator 
and a modulator connected to» said oscillator and 
to said source, a thermionic tube frequency band 
compressor having its input circuit coupled to 
said modulator and its output circuit including 
a filter receptive to a frequency spectrum of 
considerable Width but of less width than the 
width of the frequency spectrum of the signal 
oscillations coupled to a rectifier, means for 
tuning said filter to a mean frequency which 
is sub-harmonically related to the frequency of 
the energy in the output of said modulator, and 
means to insure the production o-f oscillatory en 
ergy in said output circuit at said mean frequency 
when energy is transferred from said modulator 
to the input circuit of said tube. 

3. In signalling apparatus the combination of 
a source o-f modulating potentials, a source of 
intermediate frequency oscillations, a modula 
tor connected on the o-ne hand with said source 
of modulating potentials and on the other hand 
with said source of intermediate frequency oscil 
lations, a thermionic tube having its input elec 
trode coupled to the output of said modulator, 
said tube having an auxiliary electrode and an 
anode, a circuit connecting said auxiliary elec 
trode to a source of potential positive with re 
spect to the cathode of said tube, a filter circuit 
connecting the anode of said tube to a positive 
source of potential which is less than the poten 
tial applied to said auxiliary electrode, and means 
for tuning said filter circuit to a frequency band, 
the mean frequency of which is a function of 
the frequency of the band of_ energy in the out 
put of said modulator. 

4. In signalling apparatus the combination of 
a source of modulating potentials, a source of 
intermediate frequency oscillations, a modulator 
connected on the one hand with said source of 
modulating potentials and on the. other hand 
with said intermediate frequency oscillator, a 
thermionic tube having its input electrode cou 
pled to the output of said modulator, said tube 
having an additional electrode and an anode, a 
band pass filter circuit connecting said addi 
tional electrode to a source of potential positive 
with respect to the cathode of said tube, means 
for tuning said band pass filter to a frequency 
band which is a function of the frequency band 
impressed on the input circuit of said tube, a 
filter circuit connecting the anode of said tube 
to a positive source of potential which is less 
than the potential applied to said additional 
electrode, means for tuning said first named filter 
circuit to a frequency band which is a function 
of the frequency band to which said first named 

2,220,689 
band pass filter circuit is tuned, and a rectifier 
coupled to said anode circuit. 

5. Receiving means comprising in combination, 
a source of carrier frequency oscillations on 
which compressed signals have been interposed, 
an intermediate frequency oscillator, a modula 
tor coupled on the one hand to said source of 
signals and on the other hand to said oscillator, 
a thermionic tube having its input electrodes 
coupled to the output of said modulator, said 
tube having an auxiliary electrode and an anode, 
a band pass filter circuit connecting the auxiliary 
electrode of said tube to a source of positive po 
tential, means for tuning said band pass filter to 
a frequency which is a function of the frequency 
of the energy in the input of said tube, a band 
pass filter connecting the anode of said tube to a 
source of potential less positive than the potential 
to which said auxiliary electrode is connected. 
means for tuning said last named band pass filter 
to a frequency which is a function of the fre 
quency to which said first named band pass 
filter is tuned, and a rectifier connected to the 
output circuit ofvsaid tube. 

6. A translating device comprising a thermi 
onic tube having a control grid, an electron emis 
sion element, an anode and an auxiliary grid 
like electrode, »a circuit for applying signal po 
tentials between the control grid and electron 
emission element of said tube, said control grid 
being maintained at a negative potential with 
respect to said cathode, a filter circuit which 
responds to a band of frequencies connected be 
tween the anode and the emission element of said 
tube by way of -a source of potential, a filter cir 
cuit connected between said auxiliary electrode 
and the emission element of said tube by Way of 
a source of potential greater than said 'first 
named source of potential, an output circuit 
connected to the anode of said tube and means 
for‘tuning both of said filter circuits to a fre 
quency which is a function of the input frequency. 

7. The method of signalling with signals which 
cover a considerable frequency range which in 
cludes the steps of, modulating carrier frequency 
oscillations of intermediate frequency with said 
signals, dividing the frequency of the energy ob 
tained from said modulation to reduce the width 
of the frequency band, rectifying said energy, 
modulating high frequency oscillations with the 
energy resulting from said rectifying process, 
receiving the energy resulting from said last mod 
ulation, demodulating said received energy, mod 
ulating intermediate frequency oscillations with 
energy resulting from said demodulation, multi 
plying the frequency of said energy resulting from 
said modulation to expand the width of the signal 
representative frequencies and rectifying the 
multiplied frequencies to render the original 
signal. 

8. A device for altering the width of a band 
of signal frequencies impressed on carrier waves 
comprising, a thermionic tube having an anode, 
an electron emission element, a control grid elec 
trode and an auxiliary electrode, a circuit for im 
pressing said signal modulated waves on the con 
trol grid electrode of said tube, a filter circuit 
comprising a pair of inductances shunted by ca 
pacities connected in parallel, an inductance and 
a capacity in series in one of said connections, 
said filter circuit being connected on the one hand 
to said anode, and on the other hand to a lsource 
of potential, ‘a similar filter circuit connected be 
tween the auxiliary electrode and a source of 
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potential and an output circuit connected with 
said anode. . 

9. The combination with a source of signal 
oscillations which cover a considerable frequency 
spectrum of a phase shifter connected with said 
source, a modulator connected with said phase 
shifter, an intermediate frequency oscillator con- ` 
nected with said modulator, a thermionic tube 
having its input electrodes coupled to said modu 
lator, a filter circuit connecting an auxiliary 
electrode >of said tube to the electro-n emission 
element by Way of a source of potential, said filter 
circuit being tuned to a function of the fre 
quencies in the output of said modulator, a sec 
ond filter circuit connecting the anode of said 
tube .to a point on said first named source, said 
second named filter circuit being tuned to a func 
tion of the frequency in the output of said modu 
lator, and a utilization circuit connected with the 
anode of said tube. 

5 
10. The combination with a device responsive 

to signal modulated oscillations of a modulator, 
connected to said device, an intermediate fre 
quency oscillator> connected to said modulator, 
a thermionic tube having its control grid and 
cathode connected to said modulator, a filter 
circuit> connected between the anode and cathode 
of said tube, said ñlter circuit being tuned to a 
frequency which is a function of the frequency 
band in the output of said modulator, means for 
energizing the electrodes of said tube so that 
oscillatory energy will be produced in said ñlter 
circuit when energy is applied from said modu 
lator to the control grid and cathode of said tube, 
and a> rectifier coupled to the output of said ther 
mionic tube and a phase shifter for coupling the 
output of said rectifier to a load circuit. 
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