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This invention relates to translating de 
vices and more particularly to translating 
devices in the nature of modulators or de 
tectors. . . . . . . . . . . . . 

In my United States Patent 1448,702, of 
March 13, 1923, I have described a circuit 
arrangement for increasing the output en 
ergy of a modulator or detector, preferably 
of the vacuum tube type. 
load circuit in the output of a modulator be 
made substantially zero at the signal fre 
quency, the output modulated energy will be 
increased 57 per cent. This result is accom plished by arranging a by-pass across, the 
output circuit of the modulator, said by-pass 
being tuned or otherwise made selective so 
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that it acts practically as a short circuit for 
the signal frequency. The same principle 
applies to a detector except that in this case 
the received modulated current modulates 
the carrier current to produce the low fre 
quency signal and therefore the load im 
pedance should be substantially zero at the 

5 frequency of the received modulated current. 
I have discovered that the modulated en 

ergy may be increased 273 per cent over that 
of an ordinary modulator if the impedance 
of the load circuit be made substantially 
Zero at both the signal frequency and the 
carrier frequency, in the case of the modula 
tor. In the case of the detector, the same result may be accomplished by making the 
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load circuit impedance substantially zero at 
the carrier frequency and the received side 
band of the frequency. - The arrangements by which these results 
may be obtained will be clearly understood 
from the following description when read 
in connection with the accompanying draw 
ings, Figures 1 and 2 of which are schematic 
diagrams indicating the electrical equiva 
lents of certain types of vacuum tube cir 
cuits, Fig. 3 of which is a diagram of a cir 
cuit arrangement of a vacuum tube modula 
tor (or a detector) operating in accordance 
with the principles of my Patent 1448,702, 
already referred to, while Figs. 4 and 5 are 
diagrams of two circuit arrangements of 
vacuum tube modulators (or detectors) em bodying the principles of the present inven 
tion. s . . . . 

It is a well known fact, that if an electro 

In my said pat 
ent it is shown that if the impedance of the 

motive force E is impressed on the input 
circuit of a three-element vacuum tube am 
plifier of amplification constant p, and an ex 
ternal or load impedance 2, its behavior as 
an amplifier may be correctly described by 
postulating an electromotive force pElim- o 
pressed on the load impedance 2 through a 
resistance R, where R is the “internal re 
sistance” of the tube, and is given by the 
formula 
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I being the plate current and E, being the 
steady 
(See articles by H.J. van der Bijl in the 
Physical Review of September, 1918, and in 
The Proceedings of the Institute of Radio 

plate-filament potential difference. 
70 

Engineers of April, 1919, as well as an arti 
cle by John R. Carson in The Proceedings. 

75 I s Institute of Radio Engineers of April, 
919). , , This law, has led to the concept of the 

equivalent circuit of the vacuum tube, am plifier, indicated schematically in Fig. 1, and 
has been a very valuable aid in interpreting 
the behavior of amplifiers of this character 
and in designing the associated circuits. It 
may also be shown that a vacuum tube, when functioning as a modulator, may be repre 
sented by an “equivalent circuit' of almost 
equal simplicity. The equivalent modulator 
circuit may beinferred at once from the fol 
lowing theorem: 
If a voltage E is impre 

feeding into a load impedance 2, the opera 
tion of the device as a modulator may be 

M. F. R Y 

M (r. SE) (2) 
impressed on the load impedance 2 through 
a resistance R. In equation (2) M is the 

issed on the input 
terminals of a three-element vacuum tube 

correctly described by postulating an E. 
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modulation factor, a physical parameter of 100 
the tube, and is given by the equation 

M-(-)-(E) (3) 
The equivalent circuit is shown schemati- 105 

, cally in Fig. 2. 
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the character of the app 
The law formulated by this theorem and 

roximations in 
volved are easily deduced from the treat 
ment of the problem developed in an article 
by John R. Carson in The Proceedings of 
the Institute of Radio Engineers of June, 
1921, and for full details of the solution 
reference may be had to said article. 
In my Patent 1448,702, it is shown that 

the modulated output current, i.e., the cur 
rents in the output of the modulators com 
monly known as the upper and lower side 
waves, may be expressed: 

E. E. 

(M.R.'zir.) (app.) (5) 
Expression (4) is the expression for the 
current of frequency 

(p1 p.) 
27 

5 and expression (5) is the expression for the 
current of frequency 

(p + p.) 
2 

In these expressions E, and E, are respec 
tively the E. M. F. of the carrier wave and 
the E. M. F. of the signal wave applied to 
the modulator; and Z(p), Z(p), Z(pp.) 
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and Z(p + p.) represent respectively the im 
pedances at the carrier frequency, signal 
frequency, lower side frequency, and upper 
Side frequency. 
Suppose now that by proper design of an 

ordinary modulating arrangement, the load 
impedance acts like a pure resistance. R at 
the frequencies corresponding to p, p, 
(p, - p.), and (p + p.). It is at once ap 
parent, by substituting Roll-R for Z inequa 
tions (4) and (5), that the modulated cur 
rents expressed by each of said equations 
will be proportional to 

R 
(R,R)3 (6) 

and the modulated energy W, delivered to 
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the load impedance will consequently be 
proportional to 

RR my 

(Rii) (7) 
This expression is a maximum when 

R-Ro 
5 

and when this condition is satisfied, becomes 
5\6 () (8) 

Let us now assume that the modulating 
arrangement be so designed that the load in 
pedance acts like a pure resistance R at the 
frequencies corresponding to p, (p, p.), 
and (p + p.), but acts like a short cir 
cuit to currents of the signal frequency 
P2. 
2at 
alized when the carrier frequency is suffi 
ciently large as compared with the signal 
frequency. In this case the term Z(p) be 
comes Ro instead of Rod-R, as in the pre 
ceding case, and consequently the modu 
lated currents are proportional to 

This condition may be practically re 

Ro - 

(R, R2 (9) 
and the modulated energy W is propor 
tional to - 

- RR, , 
(RFR) (10) 

This expression is a maximum when 
- Ro 

and when this condition is satisfied, becomes 

() a) 
3Rio 

A. comparison of equations (8) and (11) 
shows that for the same applied electromo 
tive forces the modulated energy outputs 
W, and W, are related by 

4 y N6 

W-() () () = 0.635 or W = 1.575 W. (12) 
It follows at once that a proper design of 

the associated circuits to satisfy the condi 
tion laid down in the second case results in 

05 
again of 57 per cent in the available modul 
lated energy, as compared with the first ar 
rangement. Another immediate deduction 
from formulas (4) and (5) is that, al 
though we are concerned only in transmit 
ting radio or high frequency inodulated cur 

rents, it is necessary to provide a low im 
pedance path in the output circuit for the 

. (); other low frequency signaling currents 2T 
wise, a serious loss in the modulated energy 
As a result of the deductions above stated, 

the vacuum tube modulator circuit, illus. 

results. . 

trated in Fig. 3 and embodying the inven 
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ments above outlined by having a shunt cir 
cuit including inductance 9 and capacity 10, 

complish the result of reducing the load in 
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tion of my Patent 1,448,702, was produced. 
This modulator conforms to the require 

bridged across its output circuit. The 
bridge thus formed constitutes a by-pass of 
substantially Zero impedance at the signal 

lodulator (or detector), so arranged as to frequency. The load impedance at the sig 
nal frequency may be thus made substantial 
ly negligible. 
In accordance with the present invention 

I propose to still further increase the out 
put energy of the modulators by making the 
load impedance substantially zero at both 
signal and carrier frequency. The principle 
by which this result is accomplished will y 
now be explained. 
Suppose by proper design the load im 

pedance be made to act like a pure resistance 
at frequencies (p, - p.) and (p + p.) but 
acts as a shot circuit at the signal fre 
quency p, and furthermore acts as a short 
circuit at the carrier frequency p. In this 
case the term Z(p) of expressions (4) and 
(5) becomes R, instead of R+R and the 
term Z(p) also becomes R. Consequently, 
the nodulated currents (side frequencies) 
will be proportional to - 

(13) - 
. R,+R . . . . . . . . . . . 

and the modulated energy W, is propor 
tional to - 

R 
(RiR) (14) 

This expression is a maximum when 
Rii. R and when this condition is satisfied 
becomes - 

1 .. 
. . . . . (5 

A. comparison of (8) and (15) shows that 
for the same applied electromotive forces 
the modulated energy outputs W, and W. 
are related by . - 

W )(3) I W, V4 J \5) 
or W =3.73 W. 

It follows at once from these deductions 
that if the circuits be so designed that the 
load impedance at both the carrier frequency 
and the signal frequency is substantially 
zero, the modulated output energy will be 
273 per cent greater than in the case of an 
ordinary modulator. While, it is readily 
possible to reduce the load impedance at the 
signal frequency to substantially zero by the 
lise of a tuned by-pass, as described in my 
previous patent, the reduction of the load 
impedance at the carrier frequency cannot 
be accomplished practically by this means, 
for the carrier frequency is so close to the 
side frequency resulting from modulation 

3 
that the side frequency or modulated energy 
would be by-passed as well as the unmodu 
lated carrier component. In accordance 
with the present invention I propose to ac 
pedance to substantially zero at the carrier 
frequency by the employment of a duplex 

balance out the unmodulated carrier com 
ponent. . . . . . . . . 

Such a circuit is shown in Fig. 4, in which 
the modulator is shown as comprising two 

The carrier detecting tubes M and M'. 
Pi 
27t. 

branch of the two grid circuits through a 
transformer 20 so that the potential of car 
rier frequency is applied to the two tubes 

P 

frequency 

symmetrically. The signal frequency 

is adapted to the common 

70 
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is applied to the grids of the two tubes 
differentially through the transformer 21. 
The load circuit is connected to the output 
through a transformer 22, said transformer 
having its input windings divided so that 
One half is in the plate circuit of one tube and the other half in the plate circuit of the 

90 

other tube. It will be apparent from the 
circuit arrangement of the output that if 
the carrier frequency alone is applied to the input, the current of this frequency flowing 
in the upper half of the input winding of 

95 

transformer 22 will be opposed by a corre 
sponding current flowing in the lower half 
of the winding from the other tube. Conse 
quently, as regards the load circuit, the car 
rier frequency will be balanced out. The 
signal frequency being applied to the modu 
lator tubes differentially will not be bal 
anced out by this circuit as the signal cur 
rents flowing in the two output circuits will 
aid each other. . . . . 
In order to render the impedance of 

the load circuit Substantially zero at the 
p2 signal frequency 2T I provide a by-pass 

00 

110 

comprising an inductance 9 and capacity 10 
across the output circuit of the tube Mand 
a similar by-pass comprising the inductance 
9 and capacity 10 across the output circuit 
of the tube M’. These inductances and ca 
pacities are so chosen, as to tune the by 

p2 passes to the signal frequency; 
2. 

result that the by-passes act substantially as 
with the 

s 

120 
short circuits at those frequencies and the 
load impedance therefore becomes zero at 
the signal frequency, as set forth in my 
Patent 1,448,702. It will also be clear that 
the balancing action of the two halves of 

125 

the primary winding of transformer 22 with 
regard to the carrier frequency has the ef 
fect of rendering the impedance of the load 
circuit Zero at that frequency. 
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At first thought, it might be assumed 
that balancing the circuit in the manner de 
scribed would balance out not only the car 
lier frequency but also the modulated com 
ponent or the so-called side frequencies, and 
that therefore the object of the invention 
would be defeated by rendering the output 
impedance zero at the side frequencies. I 
have shown, however, in my United States 
Patent 1,449,383, of March 27, 1923, that 
where the duplex modulator circuit is bal 
anced for the purpose of suppressing the 
carrier, currents in the two output circuits 
of the duplex arrangement, may each be ex 
pressed in terms of the input voltages as a 
Fourier series. The circuit may be connect 
ed to balance out either the even or the odd 
power terrins of the series. It is also shown 
in said patent that the unmodulated car 
rier component appearing in the output cir 
cuit is a first power term while the side 
frequencies or sum and difference fre 
quencies are derived from the second power 
term of the series. If therefore, the circuit 
is SO connected as to balance out the odd 
power term it will suppress the carrier, but 
the side frequency components being derived 
from the even powei' term will be mutual 

It will be clear, therefore, that in 
the circuit of Fig. 4 the odd power term, in 
cluding tha in nodulated carrier, will be 
suppressed with respect to the transformer 
22 but the side frequencies or sum and dif 
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ference frequencies will not be suppressed. 
The transformer 22 may be so designed as 
to act substantially as a pure resistance at 
the side frequencies in a manner well known 
in the art and yet by reason of the balanted 
relation it will suppress the carrier fre 
quency. Therefore, by this circuit we have 
a condition such that the load impedance Z. 
will be substantially a pure resistance at the 
two side frequencies p -- p, and p- p, but 
its impedance will be substantially zero by 
reason of the balanced arrangement at the 

p1 
27 

stantially zero at the signal frequency | by 
carrier frequency and will also be sub 

reason of the tuned shunts, previously de 
scribed. . 

The circuit may be so balanced as to ren 
der the load impedance substantially zero 
at both the carrier and signal frequencies, 
thei'eby rendering it unnecessary to use the 
tuned by-pass circuits for the signal fre 
quency if both the signal frequency and the 
carrier frequency are impressed upon the 
grid circuit in the same manner. It will 
be recalled that in Fig. 4 the signal fre 
quency is impressed upon the grid circuits 
differentially, while the carrier frequency 
is applied symmetrically. In Fig. 5, how 

1,672,056 

ever, I show an arrangement in which both 
the signal frequency ? 
quency C. are applied to the grids of the 
modulators M and M. differentially through 
the windings of a transformer 25. The load 
circuit is connected to the common branch 
of the two output circuits through a trans 
former 26. The connection of the load is 
made to the common branch in this case be-, 
cause the fiequencies to be balanced out are 
applied to the grid circuits differentially. 
If, on the other hand, both the signal and 
the carrier frequency were applied to the 
grid circuits symmetrically, the balance 
would be effected with respect to the out 
put circuit by means of a transformer ar 
rangement, such as shown at 22 in Fig. 4. 
In the present case, however, it will be ap 
parent that the 'connection of the trans 
former 26 is such that odd power terms of 
the Fourier sories will be balanced out. As 
both the signal frequency and the carrier 
frequency are first power terms and are ap 
plied to the modulating system in the same 
Way, the components in the output circuit 
corresponding to both of these frequencies 
will be balanced out and hence the imped 
ance of the load circuit will be substantially 
Zero at both the signal frequency and the 
carrier frequency and yet it will act Sub 
stantially as a pure resistance at the two 
side frequencies which are derived from a 
Second power component. 
While the preceding discussion pre-sup 

poses the use of a vacuum tube, as a modu 
lator, the invention is equally applicable to 
the use of the tube as a detector, although in 
the latter case a slight functional modi 
fication of the arrangement would be in 
volved. 

It will also be obvious that the general 
principles herein disclosed may be embodied 
in many other organizations widely differ 
ent from those illustrated without depart 
ing from the spirit of the invention as de 
fined in the following claims. 
What is claimed is: 

and the carrier fre 

1. A modulating arrangement comprising 
a modulating device, means to impress a car 
rier frequency and a modulating signal fre 
quency upon said device, a load circuit asso 
ciated with said device, said load circuit bel. 
ing so designed that its impedance will be 
substantially Zero at both the nodulating 
signal frequency and the carrier frequency. 

2. A modulating arrangement comprising 
a modulating device, means to impress a car 
rier frequency and a modulating signal fre 
quency upon said device, a load circuit as 

70 

(b) 
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sociated with said device, said load circuit 
being so designed that its impedance will 
be substantially zero at both the modulating 



5 

it) 

2) 

30 

1,672,056 

signal frequency and the carrier frequency 
and will act substantially as a pure resist 
ance for the side frequency components. 

3. A modulating arrangement comprising 
a vacuum tube modulator, means to impress 
a carrier frequency and a modulating sig 
nal frequency upon said modulator, and a 
load circuit for said modulator, said load 
circuit being so designed as to have sub 
stantially Zero impedance for currents of 
signal frequency and of carrier frequency. 

4. A modulating arrangement comprising 
a vacuum tube modulator, means to impress 
a carrier frequency and a modulating sig 
nal frequency upon said modulator, and a 
load circuit for said modulator, said load 
circuit being so designed as to have substan 
tially Zero impedance for currents of sig 
nal frequency and of carrier frequency and 
to have an impedance which acts substantial 
ly as a pure resistance for the side fre 
quency components. . . 

5. A modulating arrangement comprising 
a vacuum tube modulator having an input 
and an output circuit, means to impress a 
carrier frequency and a modulating signal 
frequency upon the input circuit, and a load 
circuit associated with said output circuit, 
Said load circuit being so designed that its 
impedance will be substantially Zero for cur 
rents of signal frequency and carrier fre 
quency. - 

6. A modulating arrangement comprising 
a vacuum tube modulator having an input 
and an output circuit, means to impress a 
carrier frequency and a modulating signal 
frequency upon the input circuit, and a load 
circuit associated with said output circuit, 
said load circuit being so designed that its 

40 
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impedance will be substantially zero for 
currents of signal frequency and carrier fre 
quency and will act substantially as a pure 
resistance for the side frequency components. 

7. A modulating arrangement comprising 
modulating devices in a duplex arrange 
ment, each having an input and an output 
circuit, means to impress a carrier frequency 
and a modulating signal frequency upon said 
input circuits, a load circuit so associated 
with said output circuits that the carrier fre 
quency components in said output circuits 
will oppose each other with respect to the 
load circuit and the load circuit will offer 

5 
Substantially zero impedance to said fre 
quency, and means to render the impedance 
of the load circuit substantially zero at the 
signal frequency. 

8. A modulating arrangement comprising 
modulating devices in a duplex arrange 
ment, each having an input and an output 
circuit, means to impress a carrier frequency 
and a modulating signal frequency upon 
said input circuits, a load circuit so asso 
ciated with said output circuits that the car 
rier frequency components in said output 
circuits will oppose each other with respect 
to the load circuit and the load circuit will 
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offer substantially Zero impedance to said 
frequency, and means to render the im 
pedance of the load circuit substantially 
Zero at the signal frequency, while enabling 
said load circuit to act substantially as a 
pure resistance for the side frequency com 
ponents. . . . . 

9. A modulating arrangement comprising 
modulating devices in a duplex arrange 
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ment, each having an input and an output 
circuit, means to impress a carrier frequency 
and a modulating signal frequency upon 
Said input circuits, a load circuit so asso 
ciated with said output circuits that both the carrier frequency components and the 
signal frequency components in said output 
circuits will oppose each other with respect 
to said load circuit and the load circuit will 
offer substantially Zero impedance to said 
frequencies. 

10. A modulating arrangement compris 
ing modulating devices in a duplex arrange 
ment, each having an input and an output 
circuit, means to impress a carrier frequency 
and a modulating signal frequency upon 
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said input circuits, a load circuit so associ 
ated with said output circuits that both the 
carrier frequency components and the signal 
frequency components in said output circuits 
will oppose each other with respect to said 
load circuit and the load circuit will offer 
Substantially Zero inpedance to said fre 
quencies, said load impedance acting sub 
stantially as a pure resistance for the side 
frequency components. - . 
In testimony whereof, I have signed my 

name to this specification this 19th day of 
December, 1924. 

. . JOHN R. CARSON. 

95 

00 

  


