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This invention relates to a novel method and

a system for transmitting radio signals, more

particularly for modulated transmission such as

transmission of broadcastlng programs and the

5 like.

The orthodox method of transmission used in
broadcasting today employing amplitude modula-
tion of the high frequency wave serving as the
transmitting carrier, possesses serious disadvan-
tages due to a high expenditure of transmitting
power during the intervals between transmission
of signals and during the transmission of weak
signal when the carrier power is only partially
modulated.

15 7The invention has for Jts object to provide a
novel and improved method and system for trans-
mission of modulated radio frequency energy
which is substantially devoid of the disadvantages
inherent in systems and methods hitherto used

10

20 in the art and which insures a maximum effi--

ciency and utilization of the transmitting power
to the fullest extent possible and during the entire
transmission period.

The invention will be more fully explained in
the following detailed description taken with
reference to the accompanying drawing wherein
I have illustrated schematically one way of .carry-
ing out the novel method of the invention.

Pigures 1 and 2 of the drawing represent curves
illustrative .of the -novel method of transmission
according to the invention; and

Figure 3 shows in a schematic manner a modu-
lated carrier transmission system for carrying out
35 the novel method according to the invention,

.As pointed out, the invention principally in-

30

volves the provision of an improved modulatmg'

system in which the carrier frequency is per-

manently fully utilized, or in other words, deeply

modulated preferably up t0 100% or close to 100%
modulation. More particularly, the invention in-
volves - the provision of a method and means

40

whereby in order to -reproduce loud and weak’

.. signals, such as occur during the “piano” and
45 «forte” passages of an orchestral transmission,
the carrier is automatically reduced or increased
in such a manner as to permanently maintain
substantially full or 100% modulation and utiliza-
tion of: the transmitting power to the fullest ex-
tent possible, resulting in a great saving and
economy of transmission power as compared with
systems and methods heretofore employed in the
art.

As is well known, the ‘amplitude modulated
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carrier wave may be represented by the followmg
theoretlcal formula.

b—B sin wot—]-mB sin wot sin pt.

Wherein B represents the average carrier ampli=
tude (unmodulated carrier) , wo=2xfo, fo being the
carrier frequency, ¢ represents time, m represents
the degree of modulation (m=1 for 100% modu~
lation), and p=2=fn wherein f= represents the
modulating frequency which in the example is

assumed to be a single sinusoidal frequency but

which in actual transmission may be comprised
of a plurality of single frequencies making up a
complex modulated wave such as obtained in
transmission of speech and musical programs,
and b represents the amplitude of the modulated
carrier.

In accordance with my invention, the degree of
modulation is maintained constant preferably
equal to or close to 100% and the carrier fre-

quency is varied for the transmision and repro-

duction of weak and loud signals. The above

formula for the modulated carrier wave is thus

moedified and assum‘es_ the following form:
b=KB sin wot-+B sin wot sin pt

wherein K is a constant indicating the percentage

- of modulation, ' Thus for example, for K equal
to 1.1, the modulation is obviously permanently
about 90%; that is, close to the fullest possible
utilization, resulting in maximum transmission
efficiency and in large saving of transmission
power. In this manner it is possible to reduce
the carrier power. to about one-quarter of the
power required in accordance with the older
methods and systems of transmission.

Referring to Figures 1 and 2, I have shown
curves representing the modulated carrier ac<
cording to the old method (Fig. 1) and according
to the novel method as described by the present
invention (Fig. 2).

As shown in Figure 1, the amphtude of the
carrier fo varies in accordance with: the- modulat-
ing wave fm; the latter being the enveloping curve
of the carrier amplitudes in the manner as is

well known. In the example as:illustrated, the.

carrier is unmodulated during the time period a,
50% modulated during the period b, 25% modu-
lated during the period ¢, and 100% modulated
during the period d. Asis readily seen, the car-

rier power is fully utilized only during the period-

d; that is, when 100% - modulated, while during
the remaining periods only a portion of the car-

rier wave energy is actually utilized for the trans-"

mission of the signalling.or modulatmg frequen-
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cies, resulting in low efficiency of the transmis-
sion, as pointed out.

Referring to Figure 2 which illustrates the
modulated . carrier in accordance with the in-
vention, the carrier amplitude varies during the
different transmitting periods a to d in such a
manner as to permanently maintain 100% or
substantially 1009 modulation, resulting in the
fullest and most efficient utilization of the trans-
mitting power as is understood. Thus, during
the period a the carrier amplitude is maintained
at a very small value. During the period b, the
carrier is equal to one-half of the carrier fo as
shown in Figure 1, the result being .a 100%
modulation for the same modulating frequency
fm. -In a similar manner during the period e,
the carrier amplitude is automatically changed
to one-quarter of the carrier fo. again resulting
in a 1009, modulation, while the period d corre-
sponds to period d according to Figure 1. In
this manner it is seen that by the employment
of a varying or “floating” carrier, the degree of
modulation may be maintained constant; that is,
practically substantially equal to 100% while the
variation of the signal amplitudes is obtained by
an automatic variation -of the carrier ampli-
tudes as described.

Referring to Figure 3, -1 have shown schemat-
jcally and by way of example, a carrier trans-
mitting ‘system for carrying out the novel method
of the invention as described hereinbefore. In
this figure, O represents a primary or driving
oscillator which may be of any type such as a
vacuum tube oscillator, crystal controlled oscil-
lator, etc. 'The oscillator O serves to produce a
fundamental or basic carrier frequency fo. Items
4, e, Fs3, and F: represent combined frequency
multipliers and filter devices of known design
serving for transforming the basic frequency fo
to a desired high harmonic as will be described
in more ‘detail hereinafter. For this purpose any
well known type of frequency changing device
may be provided such -as the well known har-
monic :frequency multipliers utilizing: vacuum
tubes with output current distortion and filtering
means for segregating a desired harmonic from
the distorted current wave., But it is understood
that any other type of frequency multiplier, such
as iron core frequency transformers or impulse
excited frequency changers may be provided for
the purpose of the invention. - The different de-
vices and elements used in a system described by
Figure 3 have only been indicated schematically
in the drawing -as it is understood that their
construction and design is well known to those
skilled in the art and is in no way necessary for
the understanding of the invention. comprising
the combination and association -of a number
of elements in a 'specific cooperating manner for
carrying -out the novel method and for obtaining
the desired new results set forth hereinbefore.

In a similar manner, items HA: and HA: indi-
cated as modulators, represent frequency chang-
ers of the superheterodyne type by which a given
frequency is transposed or shifted to a different
place in the frequency scale by the production of
sum or difference combination frequencies.

I have furthermore shown at MA a modulator
which may be a vacuwum tube modulator of known
type and design to which the modulating fre-
quencies such as the current supplied from a
microphone or other translating device are ap-

-plied through an incoming line I and: by means

of a transformer T. The modulator MA serves
to modulate a harmonic nfe .of the carrier fre-
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quency fo obtained by means of the frequency
multiplier ¥ in accordance with the modulating
frequency fm supplied by the transformer T.
The modulator MA further is of special type such
as a known balanced modulator in order to elim- 5
inate the carrier nfo and to supply only the two
modulated side bands in its output -circuit.
Modulators of this type (balanced modulators,
etc.) are well known in the art and are used for
instance extensively in the well known carrier 10
suppressed side band transmission systems. Many
known other arrangements of this type have been

" disclosed and used in the art and may be equally

employed for the purpose of the present invention,

as is well understood. The thus obtained modu- 15
lated side bands with suppressed carrier are then
applied . through a suitable transmission circuit
to the amplifier A: for further amplification after
passing an arrangement indicated at AL to be
described later. From the amplifier A1, the am-~ 20
plified side band frequencies are applied through
coupling transformer T2 to the output circuit
I—I. which may be an antenna circuit (in case
of radio transmission) or a transmitting line (in
case of wired wireless transmission), the input 25
circuit of a further amplifier, or similar appa-
ratus or utilization circuit, as is readily under-
steod.

" I have furthermore shown means for restoring
the carrier varying in porportion to the side band 30
energy. For this purpose a portion of the modu-
lated side band energy nfotfm or Z(nfoxfm)
respectively, (wherein = stands for the sum of
all the side frequencies in a known manner if
the -modulating signal comprises more than a 38
single frequency fm as assumed above), supplied
by the modulator MA is derived from point g
of the output circuit and applied to a pair of
modulators HA1 and HA:z of the superheterodyne
or similar type in which the frequencies 40
Z(nfot-fm) are changed to intermediate frequen~
cies 2(zfoxfm) and ZL(x—1) fo=fml, respectively,
by superimposition with the heterodyning fre-
quencies supplied by the multipliers Fz and F3,
respectively, producing harmonics (n+z)fo and 45.
(n+2x—1) fo, réspectively, of the carrier fo supplied
by the driving oscillator O. The thus obtained
two intermediate frequencies in the heterodyne
modulators HA1 and XAz are then in turn com-
bined by means of a further heterodyne modulator §0.
Az to yield a third intermediate frequency which
by proper choice of the heterddyning frequencies
n4-2)fo and (n4-x—1)fs may for instance be
equal to the fundamental frequency fo of oscil-
lator O. It can be shown that in the third 55
modulator or intermediate amplifier As the car-
rier frequency reappears and that its amplitude
varies in proportion to the modulation, side bands.
Thus assuming that there are present in HA: the
side-bands +B/2 cos (wl—p)T—B/2 cos (wl-l—p)t
for: the frequency wl=2rXfo and that in HA:z
the same side bands for the other frequency
w2= 21r(:c—1)fo are equal to

4-B/2 cos («2—pYt—B/2 cos (w2-+P)t, 65

the beating together of -the two-in the amplifier
modulator As will result in the following:

tA3=al[B/2 cos (wl—p) t—B/2 cos
(wl4p)t4+B/2 cos 70-

(w2—Dp) t—B/2 cos (w24-p) t12
—aB2/2 cos (w2—wl)t—aB2/4 cos (w2—wl—2p)t
T —qB2/4 cos (W2—wl+2DE+ . .. 75-
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-'The frequency
w2—wl
27

may for instance be equal to the fundamental
frequency fo and the above formula indicates that
this restored carrier is twice as great as the side
bands of the double modulation frequency
aB2/4 cos (02—wl+2fm)t.

For more than one modulating frequency as

assumed in the above case, the carrier will be:

correspondingly greater in comparison with the
side bands of double frequency. = As is understood,
the side bands of double frequencies and other
frequencies appearing as a result of cross modu-
lation can be easily-eliminated by using a type
of amplifier As with a sharp cut-off such as an
amplifier with a very high peak or sharp reso-
nance curve or any other type of filtering device

-known may be used for this purpose as is well

understood. In this manner only the restored
carrier shall appear in the output of the am-
plifier As.” This carrier can then be changed by
a further balancing process by means of a modu-

lator amplifier Az, whereby the heterodyning fre-.

quency (n+1)fo is supplied from the driving os-
cillator O through a frequency multiplying circuit
F4, to the frequency of the side bands in the am-~
plifier A1 and combined therewith in the common

-output circuit L—L such as by means of a cou-

pling transformer T: as shown.

In this manner as is seen, the output circuit
L—IL will carry currents of the modulated side
bands ZB cos (Rewoxfm)i -and the carrier KB
sin nwof, where K represents the modulation
index remaining practically constant.

It is obvious from the above that the restored
carrier will not necessarily be directly proportion-
al to the coefficient B but may be proportional to
B2, This condition may be avoided by a suit-
able design of the frequency changing arrange-
ment. Az, The term B? appears only if square
law detection is used. Practically the coefiicient
of the restored carrier shall be for instance KB!!
in case of using a linear detection or rectification.
From this it is clear that weak signals may be
over-modulated (carrier too low) and therefore
it is advantageous in order to insure satisfactory

operation of the system to supply a small com-

ponent of the carrier frequency directly to the
output circuit through an amplifier A+ and cou-
pling transformer T3 as shown in the drawing.
This small carrier component corresponds {o the
unmodulated carrier during the period @, as
shown in Fig. 2.

In the above description it is assumed that the

arrangement works practically without appre--

ciable time delay; that is, that the necessary car-
rier in the output circuit L—L appears simul-
taneously with the corresponding side bands. If,
however, a time delay is introduced by the am-
plifier A2 or Az or any other element in the cir-
cuit in order to smooth out the variations of the
carrier, it becomes necessary to provide a similar
time delay device in the circuit carrying the side
band frequencies such as the artificial line AL
shown in the drawing and mentioned above.
However, the artificial network AL may be omit-
ted if the time delay is not required.

As seen from the above, the method according
to the invention as described, principally involves
the double heterodyning of portions of the side
band energy after suppression of the carrier fre-
quency and the beating together of the thus ob-
tained intermediate frequencies to restore the

3

carrier frequency varying in accordance with the
side band energy and the combination of the re-
stored -carrier with the original side band fre-
quencies in g common output circuit. The inter-
mediate frequencies may be chosen in such a man-
rer as to deliver directly the output frequencies
in which case the heterodyne circuit P4+ and fhe
amplifier Az may. be dispensed with as is under«
stood. = Alternatively, the output carrier ire-
quency may be obtained by frequency multipli«
cation; that is, of the frequency obtained by beat-
ing together the two intermediate frequencies
supplied by the heterodyne modulators HA1 and
HA3. It is furthermore possible to use a primary
modulator MA which suppresses the carrier only
to a certain extent, leaving a small carrier com-
ponent which is transmitted into the output cir-
cuit I—L through the coupling transformer T2 in
which case the amplifier A+ may be dispensed
with, as is readily understood.

While I have described my invention specifically
in connection with the embodiment shown in the
drawing, it is understood that the novel methods

and arrangements as disclosed may be used in:

connection with various systems and methods of
transmission of wireless signals. Thus for in-
stance, the above system can be used with equal
advantage for one side band transmission with a
variable or “floating” carrier in accordance with
the invention. In the latter case the modulator
MA must be of suitable type and design for sup-
pression of the carrier and one of the side bands
whereby the remaining side band such as the
upper side band Z(nfo4-fm) is then combined in
HA: and HA: with the harmonic frequency waves
(n+z) fo and (n+2x—1) fo supplied from the mul-
tipliers F; and Fs, respectively, resulting in com-
bination frequency waves Zxfo-+fm and

SL@—1) fotfm],

in a manner similar as described to producing a
reconstructed carrier in the modulator varying

B
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in proportion to the strength of the modulating

signal frequencies. )
It is obvious therefore that the invention as
described is subject to various modifications and

variations coming . within . its broad scope and.

spirit, and I do not wish to be limited to any spe-
cific arrangements and methods disclosed short
of the scope as expressed in the appended claims.
I claim: .
1. A method of signalling which consists in
moedulating a carrier wave in accordance with a

45

50"

modulating wave to produce modulated and un--

modulated components, suppressing the unmodu-
lated carrier component, reconstructing an un-
modulated carrier component varying in propor-
tion to the strength of said modulating wave from
energies derived from the carrier wave and modu-
lated component, and  combining said recon-
structed unmodulated component with said modu-
lated component to secure a modulated carrier
wave having a substantially constant ratio of its
modulated and unmodulated components.

2. ‘A signalling system comprising means for
modulating a carrier wave in accordance with a
modulating wave to produce a modulated com-
ponent with suppression of the carrier, further
means for reconstructing a carrier varying in
proportion to the strength of said modulating
wave from energies derived from the original car-
rier wave and said modulated component, and
means for combining the reconstructed carrier
with said modulated component to secure a mod-
ulated carrier wave having a substantially con-
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components, .

3. A method of signalling consisting in modu-
lating a carrier wave in accordance with a modu-
lating wave to produce modulated and unmodu-
lated components, suppressing the unmodulated

component, reconstructing an unmodulated car--
rier component varying in proportion to the-

strength of said modulating wave by means of
energy derived from said modulated component,
and. combining said reconstructed unmodulated
component with said modulated component to
produce a resultant medulated carrier wave hav-
ing a substantially constant ratio of its modu-

‘lated and unmodulated components.

4. A signalling system comprising means for
modulating a carrier wave in accordance with a
modulating wave to produce a modulated com-
ponent with suppression of the carrier, a further

‘means for reconstructing a carrier varying in

proportion to the strength of said modulating
wave by means of energy derived from said modu-~
lated component, and means for combining said
reconstructed carrier with said modulated com-
ponent to produce a resultant modulated carrier
wave having substantially constant ratio of its
modulated and unmodulated components.

5. A method of signalling consisting in produc-
ing carrier suppressed modulation side band sig-

“nalling frequencies, beating said side band fre-

quencies with different harmonics of said carrier
frequency, and beating together resultant inter-
mediate frequencies to reconstruet therefrom, a
carrier frequency of averagée amplitude varying
substantially in accordance with the energy of
said side bands and combining said reconstructed
carrier frequency with said side band frequencies.

6. A method of signalliing consisting in produc-
ing a carrier frequency and a plurality of harmon-
ics thereof, modulating said carrier frequency to

produce carrier suppressed modulation side band -

signaling frequencies, separately beating said side
band frequencies with different harmonics of said
carrier to produce combination intermediate fre-
quencies, beating said combination frequencies to
reconstruct therefrom a resultant frequency equal

to the carrier frequency and having an average

amplitude varying in accordance with the energy
of said side band frequencies, and combining said
reconstructed carrier frequency with said side
band frequencies to obtain a modulated carrier of
substantially constant degree of modulation for
varying strength of the modulating signals.

7. A method of signalling consisting in produc-
ing a carrier frequency and a plurality of har-
monics thereof, modulating said carrier to pro-

2,045,796
stant ratio of its modulated and unmodulated"

duce carrier suppressed side band signalling fre-
quencies, separately beating said side band fre-
quencies with different harmonics of said carrier
to produce a plurality of combination frequencies,
beating said combination frequencies to recon-
struct therefrom a resultant frequency equal to
said carrier frequency and of varying amplitude
in accordance with the energy of said side band
frequencies, and combining said reconstructed
carrier frequency with said side band frequencies
to obtain a modulated carrier frequency of sub-
stantially 100% modulation for varying signal
strength.

8. A carrier transmission system comprising a
generator for producing a fundamental carrier
frequency, means for modulating said carrier fre-
quency to produce carrier suppressed side band
signalling frequencies, means for producing a plu-
rality of harmonics of said carrier frequency,
means for separately beating said side band fre-
quencies with said harmonics to derive a plurality
of intermediate frequencies, further means for
beating together said intermediate frequencies to
reconstruet therefrom a further intermediate fre-
quency equal to said carrier frequency and of
varying amplitude in accordance with the energy
of said side band frequencies, an output circuit,
means for superimposing therein said side band
frequencies and said reconstructed carrier fre-
quency, the variations of said reconstructed car-
rier frequency being such as to maintain a con-
stant degree of modulation of the combined car-
rier and side bands in said output circuit.

9. A carrier transmission system comprising a
generator for producing a fundamental carrier
frequency, means for modulating said carrier fre-
quency to produce carrier suppressed side band
signalling frequencies, means for producing a plu-
rality of harmonics of said carrier frequency,
means for separately beating said side band fre-
quencies with different harmonics of said carrier
frequency to derive a plurality of intermediate
frequencies, further means for beating together a
pair of intermediate frequencies to reconstruct
therefrom a resultant frequency equal to said
carrier frequency and of varying amplitude in
gecordance with the energy of said side bands,
an output circuit, means for superimposing there-
in said side band frequencies and said recon-
structed carrier frequency, the variations of said
reconstructed carrier being such as to maintain a
constant degree of modulation substantially equal
to 100% of the combined reconstructed carrier
and side band frequency currents in said output
circuit.
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