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This invention relates to frequency changing
circuit arrangements and to modulated carrier
wave circuit arrangements. .

The invention has for its object to provide a
simple circuit arrangement whereby a frequency
constituted by a modulation of a carrier fre-
quency may be. multiplied to produce either a
frequency equal to the said modulation frequency
multiplied by two or some power cf two or to pro-
duce a carrier frequency modulated by a fre-
quency which is equal to the original modulation
frequency muitiplied by two or some power of two.

According to this invention a modulated carrier
frequency is applied to the input terminals of two
channels which are arranged in parallel one chan-
nel including a detector and the other not includ-
ing a detector. The outputs from the two chan-
nels are fed as inputs to a modulator so that one
ocutput modulates the other and the phase of
the voltage applied from the detector channel
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20 to the modulator is so arranged that voltage from
the other channel is modulated by the voltage
from the said detector channel at 180° out of
phase with the existing modulation upon the car-

23 rier from the non-detector channel. The result-

ant output from the modulator constitutes the
useful output of the system and may be utilized
direct or may be detected or may be used as the
input to another arrangement like that just de-
15 scribed. B
The invention is illustrated in and further ex-
plained in connection with the accompanying
drawing, in which Figure 1 is a simplified block
diagram of one embodiment and Figure 2 a corre-
5 sponding simplified circuit diagram.

Referring to Fig. 1, a carrier wave of frequency
fo modulated by a frequency f is applied via a
suitable circuit at A to the input ends of two
channels which are in parallel one of the channels
congsisting merely of an amplifier B and the other
comprising an amplifier and a detector C; D. For
example, referring to Fig. 2, the modulated car-
rier may be applied to a tuned carrier frequency
circuit A: which is magnetically coupled to two
other turned carrier frequency circuits Bi, C1, B1 of
which constitutes the input circuit for one chan-
nel and the other C: of which constitutes the
input circuit for the other. The amplifier B of
Fig. 1 is represented as a tube Bz in Fig. 2, the
tube C: and crystal rectifier D; of Fig. 2 corre-
sponding to the amplifier and rectifier C:D of
Fig. 1. 'The detector in the detecting chan-
nel is preferably one having as nearly as possi-
ble rectilinear rectification characteristics and
o5 1s, as stafted, shown in Fig. 2 as a crystal
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though any other suitable form of rectifier may
be used. The outputs from the two channels are
fed to a modulator E (Fig. 1) which is preferably
one. possessing as nearly as possible rectilinear
modulating characteristics. In Fig, 2, the modu- B
lator is shown as of the series type and comprises
a tube E: which receives its grid input from the
amplifier Bz and has its anode to cathode space
in series with the anode to cathode space of a
tube E2 which receives its grid input (via an jp
amplitude adjusting potentiometer P) from the
rectifier D1, By suitably adjusting the relative
amplitudes of the two inputs to the modulator
arrangement, energy of modulation frequency f
may be caused to be eliminated from the output 15
energy from the said modulator, the said output
energy being modulated by a frequency 27, If
desired, the said output modulated by the fre-
quency 2f may be detected to produce the fre-
quency 2f alone by connecting the rectifier I of 20
Figs. 1 and 2 to the output of E by pubting switch
S in the proper position or it may be utilized
direct by connecting V to the output of E, or
sald output may be utilized as the input to an
additional frequency multiplying system similar 25
to that shown in Figures 1 and 2 between A and E.
The output from this additional system will con-
sist of carrier energy modulated by a frequency
47. - The phase of the energy fed from the am-
plifier-detector channel G, D to the modulator
is s0 arranged (for example as illustrated in
Fig. 2) that it would produce modulation on a
carrier 180° out of phase with respect to the
modulation that already exists on the input car-
rier fed to the said amplifier detector channel B.
Suppose the original modulated input carrier
may be expressed by E cos A(f4-cos B) for 100%
modulation where A=2rfot and B=2rft, then
remodulating this input 180° out of phase with f
will give rise to . 40

[E cos A(14cos B)[(1—cos B)=F cos A
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(1 ~cos? B)=§ cos A(1—cos 2B)

It will thus be seen that the frequency of the 45
original modulation f Has been doubled. If de-
sired, the initial input carrier may be changed
by heterodyning and again, if desired, the ampli-
fiers in the channels may be equipped with auto-
matic volume control arrangements as known 50
per se.

The invention is capable of fairly broad appli-
cation and numerous cases will arise where it
may be used with advantage. For example, in
broadcasting installations where a plurality of 55
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transmitting stations are required to. operate
upon a common frequency, a tuning fork or simi-
larly controlled master frequency might be gen-
erated at a central station and used to modulate
a carrier frequency and the resultant modulated
carrier frequency transmitted to the various sta-
tions and there subjected to frequency changers
in accordance with this invention, the original
master - modulation frequency being doubled as
many times as may be required with or without
changing the carrier frequency.

In some cases it may be advantageous from the
practical point of view to effect frequency dou-
bling of a modulation frequency in circuits tuned
to a carrier frequency which is remote from that
upon which the modulation frequency was origi-

.nally carried.

‘What is claimed is:

1. A method of multiplying a frequency con-
stituted by a modulation of a carrier frequency
to produce either a frequency equal to said mod-
ulation frequency multiplied by two or to pro-
duce a carrier frequency modulated by a fre-
quency equal to the first mentioned modulation
frequency multiplied by two which includes the
steps of, separating the original modulated car-
rier into two portions, rectifying the energy of
one of said portions, and modulating the unrec-
tified portion by the energy produced by rectify-
ing the other portion in such manner that the
phase of the modulation in the rectified portion
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is substantially 180° different from the phase of
the modulation in the unrectified portion.

2. In combination, a source of modulated car-
rier energy, a pair of channels each having an
input ecircuit and an output circuit, means for
applying said energy to the input circuits of said
channels, a detector, in one of said channels, and
a modulator arrangement, for modulating output
energy from one channel with output energy
from the other channel, connected with said out~
put circuits, and means for shifting the phase of
the modulation applied from the channel includ-
ing the detector to said modulator substantially
180° relative to the phase of the modulation
applied from the other channel to said modu-
lator.

3. Apparatus as claimed in claim 2 wherein
one channel includes a thermionic amplifier and
the other a thermionic amplifier in cascade with
and preceding, said rectifier.

4. Apparatus as claimed in claim 2 wherein
the modulator arrangement is a series modulator
arrangement comprising two tubes with their
discharge paths in series, one of said tubes re-
ceiving its grid input from one channel and the
other from the other channel.

5. Apparatus as claimed in claim 2, including
means for adjusting the relative input ampli-
tudes to the modulator arrangement from the
two channels,
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