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1. ...' . . . . 

This invention relates to a device for the trans 

2. Claims. 

mission of signals by means of a frequency-modul 
lated carrier wave. It is known that in various respects the use of frequency-modulated oscilla 
tions may have great advantages over amplitude 
modulated oscillations. 

5. 

The invention has for its object to add to these 
advantages another advantage viz, a considerable 
decrease of the distortions which may arise when 
the emitted signal reaches the receiver along 
different paths; 
The invention is based on the recognition that 

upon reception of frequency-modulated oscilla 
tions reaching the receiver along two paths with 
a difference in transit time. T the distortion 
occurring after detection depends on the fre 
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quency and is approximately inversely propor 
tional to the frequency of the modulating oscilla 
tions. Consequently, the distortion is trouble 
some more particularly at the lower frequencies 
and for this reason a device for the transmission 
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of frequency-modulated oscillations is, according 
to the invention, arranged so that at least a part 
of the frequency spectrum of the signals to be 
transmitted is heterodyned before the modulator 
in such manner that the frequency spectrum of 
the oscillations modulating the carrier wave to be 
transmitted solely comprises frequencies above 
a definite frequency which exceeds the lowest fre 
quency of the signal frequencies to be trans 
mitted. .. The frequency spectrum of the signals to be 
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transmitted is preferably shifted towards the 
higher frequencies by an amount corresponding 
at least substantially to the minimum frequency 
which may still appear in the oscillations modul 
lating the carrier wave and which preferably 
amounts to about 1000 cycles/sec. 

35 

The choice of the minimum frequency is deter. 
mined on the one hand by the admissible distor 
tion which occurs after detection due to trans 
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mission along two different paths, but on the . 
other hand the minimum frequency should not be 
chosen too high, since otherwise there occur too. 
high modulation frequencies and, as is well 45 
known, the ratio. between signal and the dis 
turbances caused in a receiving set by other trans 
mitters, by noise or by atmospherics becomes 
worse as the ratio between the frequency devia 
tion and the highest modulation frequency de 
Ceases. , . 
The invention will be more fully explained by 

reference to the accompanying drawing, given 
by way of example, in which Fig.1a represents. 
one form of construction of a transmitting device 
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cies below 1000 cycles/sec. To this end the fr 

signal frequency to be transmitted and amounts 

according to the invention, in which that part of 
the frequency spectrum of the signals to be trans 
mitted, which lies below the lowest admissible frequency of the oscillations modulating the 
carrier-wave to be transmitted is heterodyned in 
such manner that the transformed spectrum does 
not comprise frequencies below the said fre 
quency. . . . . . . . . . . . . Fig. 1b schematically represents a receiving 
rangement for the reception of frequency-mod 
lated oscillations transmitted by means of a 
vice as shown in Fig.1a. . . . . . . . . . Fig.2a represents a device for the transmission of signals, in which the whole frequency spectrur 
of the signals to be transmitted is shifted by a amount corresponding to the lowest frequency 
which may still appear in the oscillations: modul 
lating the carrier wave. . . . . . . . Fig. 2b schematically represents a receiving 
arrangement for the reception of oscillations 
emitted by means of a device as shown in Fig. 2d. 

In describing the executional examples illus 
trated in the drawing it is postulated that the fre-" 
quency spectrum of the signals to be transmitted: 
comprises a frequency range of 0 to 10,000 cycles/ 
sec. and that the oscillations modulating the cars." 
rier wave may solely comprise frequencies above 
1000 cycles/sec. . . . . . . . . . . . . . . ::: '': 
'In the form of construction represented in Fig. " 

1a: the signals. to be transmitted, which: are gen 
erated in a microphone Q, are supplied through 
a low-frequency amplifier. IF to two filters. Fi. 
and F2, of which the filter F, transmits the signal. frequencies exceeding the lowest frequency whichi 
may still appear in the oscillations modulating the 
carrier wave, the filter F2 transmitting the signal 3 
frequencies which are lower than the said fre-: 
quency. The frequencies of 1000 to 10,000 cycles/1. 
sec. transmitted by the filter F1 are directly sup: 
plied to a frequency modulator:FM, and the fre 
quencies of 0 to 1000 cycles/sec. transmitted by 
the filter F2 are heterodyned, before being sup 
plied to the frequency modulator FM, in suchi 
manner that the frequency spectrum of the trans 
formed oscillations no longer comprises frequen 
quencies transmitted by the filter F's are supplied 
to a modulator M1 having also supplied to it an 
oscillation generated by an oscillator Or whose, 
frequency is higher than the highest original 

to say 10,500 cyeles/sec., which oscillation is am 
plitude-modulated by the frequencies of 0 to 1000. 
cycles/sec. transmitted by the filter F. In this 
Way there are produced two side, bands coin: 
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prising a frequency range of 10,500 to 11,500 
cycles/sec. and 10,500 to 9500 cycles/sec. respec 
tively. In the modulator M1 the carrier wave of 
10,500 cycles/sec. is preferably suppressed, where 
as the two side bands are supplied to a filter F3, 
which transmits only one of the side bands and, 
for the chosen value of the frequency of the OS 
cillator O1 passes the upper side band of 10,500 
to 11,500 cycles/sec. This side band, whose fre 
quency spectrum includes the heterodyned free 
quencies of 0 to 1000 cycles/sec. of the signals to 
be transmitted, is supplied to the frequency 
modulator FM, in which modulator the carrier 
wave generated by an oscillator O2 is frequency 
modulated by the frequencies supplied to the 
modulator. The frequency spectrum of the oscil 
lations modulating the carrier wave includes the 
frequency band of 1000 to 10,000 cycles/sec. trans 
mitted by the filter F1 and the frequency band of 
10,500 to 11,500 cycles/sec. transmitted by the 
filter F3, which frequency bands do not comprise 
frequencies below 1000 cycles/sec. 
The OScillations frequency-modulated in the 

modulator are emitted by an antenna, A. 
The choice of the frequency of the oscillator 

O1 determines the width of the frequency spec 
trum of the oscillations modulating the carrier 
wave. This frequency is preferably so chosen 
that the frequency spectrum of the modulating 
oscillations is but slightly broader than the fre 
quency Spectrum of the signals to be transmitted. 
In fact, it is advantageous, in the receiver that 
the frequency spectrum should not be broader 
than is strictly necessary, since the energy of the 
disturbances produced in the receiver, increases 
with an increasing width of the frequency spec 
trum of the oscillations frequency-modulating 
the carrier wave. In fact, the energy of the dis 
turbances. Occurring is proportional to 

(ii) S 

whereins represents the amplitude of the varia 
tion of the momentary frequency and fm repre 
sents the maximum frequency of the modulating 
oscillations. 
With an extension of the frequency spectrum, 

consequently at a higher value of fm, the energy 
of the disturbance appearing in the receiver is 
larger than will be the case upon reception of a 
frequency-modulated carrier wave, in which case 

0 

4. 
the Oscillations in the output, circuit of the de 
tector D are Supplied to tWo filters F3 and F4, Of 
which the filter F3 transmits the frequency band 
of 1000 to 10,000 cycles/sec. and the filter F4 
transmits the frequency band of 10,500 to 11,500 
cycles/sec. The frequencies transmitted by the 
filter F3 are directly supplied to a low-frequency 
amplifier LF2, and the frequencies transmitted 
by the filter F4 are so heterodyned, before being 
supplied to the low frequency amplifier LF2, that 
the frequency spectrum of the heterodyned os 
cillations corresponds to the frequency Spectrum 
of that part of the signals to be transmitted 
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which is transmitted by the filter F2 in the trans 
mitter. For this purpose the frequencies of 10,500 
to 11,500 cycles/sec. transmitted by the filter F4 
are supplied to a modulator M3, which has also 
supplied to it an Oscillation which is generated 
by the oscillator O4 and has a frequency of 10,500 
cycles/sec. In the modulator M3 there arise 
two frequency bands of 21,000 to 22,000 cy 
cles/sec. and of 0 to 1000 cycles/sec. respectively, 
of which the lower side band including the fre 
quencies of 0 to 1000 cycles/sec. is transmitted 
by a filter F5 and supplied to the low frequency 
amplifier LF2. In the low-frequency amplifier 
are amplified the frequency band of 1000 to 10,000 
cycles/sec. transmitted by the filter F3 and the 
frequency band of 0 to 1000 cycles/sec. trans 
mitted by the filter F5, which bands jointly com 
prise the frequency spectrum of the signals, to: 
be transmitted, the oscillations set up in the out 
put circuit being supplied to a loud-speaker LS, 
in which the amplified oscillations are trans 

35 formed into the sound vibrations to be received. 
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the frequency Spectrum of the modulating oscil 
lations is as broad as the frequency spectrum of 
the signals to be transmitted. 
The receiver represented in Fig. 1b which is 

adapted for the reception of the frequency-mod 
ulated OScillations emitted by means of a device 
as shown in Fig. 1d comprises a high-frequency 
annplifier HF to which are supplied the oscilla 
tions picked up by an antenna A1. The amplified 
Oscillations set up in the output circuit of the 
amplifier HF are preferably supplied through a 

(SG 

frequency transformer or modulator M2, to which 
are supplied oscillations locally generated by an 
oscillator O3, to a detector D, in which the fre 
quency variations of the carrier wave are trans 
formed into amplitude variations which are sub 
sequently rectified. The oscillations supplied by 
the detector comprise a frequency spectrum which 
corresponds to the frequency spectrum of the os 
cillations modulating the incoming carrier wave 
and extends from 1000 to 10,000 cycles/sec. and 
from 10,500 to 11,500 cycles/sec. In order to 
transform this frequency spectrum into the fre 
quency spectrum of the signals to be received, 
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Fig. 2d represents one form of construction of 
a device according to the invention, in which the 
frequency spectrum of the signals to be trans 
mitted is shifted as a whole towards the higher 
frequencies by an amount corresponding to the 
lowest frequency that may still appear in the 
oscillations modulating the carrier wave and 
preferably amounts to 1000 cycles/sec. In this 
form of construction the width of the frequency 
spectrum of the oscillations modulating the car 
rier wave consequently corresponds to the Width 
of the frequency spectrum of the signals to be 
transmitted. In Fig. 2d., the parts corresponding 
to the arrangement shown in Fig. 1a bear the 
same reference numerals; furthermore, it is as sumed again that the frequency spectrum of the 
signals to be transmitted includes the frequency 
range of 0 to 10,000 cycles/sec. 

In the form of construction represented in Fig.: 
2a the oscillations generated in the microphone 
Q, which comprise the frequency spectrum of 0 to 
10,000 cycles/sec. are supplied through the ampli 
fier LF1 to a modulator M4, which has also Sup 
plied to it an auxiliary oscillation supplied by an 
oscillator O5 whose frequency at least corresponds 
to the highest signal frequency to be transmitted 
plus the lowest frequency which may still appear 
in the oscillations modulating the carrier Wave . 
to be transmitted and amounts to Say 30,000. 
cycles/sec., which oscillation is amplitude-modu 
lated by the amplified signals to be transmitted. 
In this way there arise two side bands comprising 
a frequency range of 30,000 to 40,000 cycles/sec. 
and 30,000 to 20,000 cycles/sec. respectively. 
Preferably the oscillation of 30,000 cycles/sec. is 
suppressed in the modulator M4, the two side 
bands being supplied to a filter F6, which solely 
transmits the upper side band, and supplies it to . 
a modulator M5, which has also supplied to it a 

75 second auxiliary oscillation supplied by an oscil 
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lator:Os, whose frequency is 1000 cycle/sec.higher 
than the highest frequency of the upper side band 
and consequently has a frequency of 41,000 
cycles/sec. In the modulator Ms, also, there 
ensue two side bands, which comprise a frequency 
range of 71,000 to 8,000 cycles/sec. and of 11,000 
to 1000 cycles/sec. respectively. This last-men 
tiged side-band, whose frequency, spectrum is 
shifted by 1000 cycles/sec. towards, the higher fre 
quencies with respect to the frequency spectrum 
of the signals to be transmitted and consequent 
ly does not comprise frequencies below 1000 
cycles/sec., is supplied, through a filter F solely 
transmitting this. lower side band, to a modulator 
FIVE, wherein the carrier wave produced by...the 
generator O2 is frequency-modulated by these 
side-band frequencies. 
...in the described form of construction the fre 
quency spectrum of the signals to be transmitted 
is not only shifted as a whole by 1000 cyclesfsec., 
but also the frequency spectrum is reversed, as a 
result, of Wilhich the low and high frequencies re 
Spectively, of the signals to be transmitted are 
high and low frequencies, respectively in the fre 
quency spectrum of the oscillations modulating 
the carrier wave. - - This reversal of the frequency spectrim does 
not take place if the auxiliary oscillation supplied 
by the oscillator Os has a frequency which is 1000 
cycles/sec. lower than the lowest frequency of the . 
frequency. band of 30,000 to 41,000 cycles/sec. 
transmitted by the filter F6 and consequently sup 
plies an oscillation having a frequency of 29,000 
cycles/sec. In this case there ensue in the modul 
lator M5 two side bands comprising a frequency 
range of 59,000 to 70,000 cycles/sec. and of 1000 
to 11,000 cycles/sec. respectively, the frequency 
spectrum of the lower side band being shifted by 
an amount of 1000 cycles/sec. with respect to the 
frequency Spectrum of the signals to be trans 
mitted. 

However, it is preferable that the oscillator O6 
should produce oscillations whose frequency lies 
beyond the side bands produced in the modulator 
M4; in order to achieve the desired displacement 
of the frequency spectrum of the signals to be 
transmitted the oscillator Os, provided the filter 
F6 transmits the upper side band of the side bands 
obtained in the modulator M4 which comprises the 
frequency range of 30,000 to 41,000 cycles/sec., 
will consequently be tuned to a frequency which 
exceeds by 1000 cycles/sec. the highest frequency 
of this frequency band, but if the filter F6 trans 
mits the lowest side band of 30,000 to 20,000 
cycles/sec., the oscillator Os will be tuned to a 
frequency which is 1000 cycles/sec. lower than the 
loWest frequency of the lower side band. In both 
cases the desired displacement of the frequency 
spectrum is accompanied by reversal of the fre 
quency spectrum. 
The receiver represented in Fig. 2b, which is 

adapted for the reception of the frequency-modu 
lated oscillations emitted by means of a device as 
shown in Fig. 2d, comprises a high-frequency am 
plifier HF, to which are supplied the oscillations 
picked up by the antenna, A1, the frequency trans 
former or modulator M2 and the detector D, the 
latter transforming frequency variations of the 
carrier wave into amplitude variations which are 
subsequently rectified. The oscillation supplied 
by the detector comprise a frequency spectrum 
which corresponds to the frequency spectrum of 
the oscillations modulating the incoming carrier 
wave and extends from 11,000 to 1000 cycles/sec. 
In order to transform this frequency spectrum 
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6 
into the frequency spectrum of the signals to be 
received the oscillations in the output circuit of 
the detector. Dare supplied to a modulator M6. 
having supplied to it, an auxiliary: oscillation Sup 
pied by an oscillator. On whose frequency amounts 
to say 41,000 cycles/sec. In the modulator M6the 
oscillations generated by the oscillator O7 are am 
plitude modulated by the oscillations comprise 
ing the frequency spectrum of 1,000 to 11,000 
cycles/sec., the carrier-wave being preferably sup-. 
pressed and the lower side band of 30,000 to 40,000 
cycles/sec. of the two side bands thus produced 
being transmitted by a filter F8 and supplied to a 
modulator Mr., in which this frequency is modul 
lated on the auxiliary oscillation supplied by the 
oscillator Oa, whose frequency corresponds to the 
lowest frequency of the transmitted side band and 
consequently amounts to 30,000 cycles/sec. In 
this case two side bands ensue again, of which the 
lower; which includes the frequencies of 0 to: 
10,000. cycles/sec., corresponds to the frequency 
spectrum of the signal to be received. This lower 
side band is supplied through a filter F9, which 
stops the carrier wave and the upper side band, to 
the low-frequency amplifier LF2 and subsequently 
to the Iouadspeaker EIS, in which the incoming OS 
ciliations, comprising a frequency band of 0 to 
10,000 cycles/sec., are transformed again into the 
incoming sound vibrations. . . . . . . . . . . . In the form of construction represented in Fig. 
2b the frequency of the oscillations Supplied by. 
the oscillators O3, and O7 corresponds to the fre 
quency of the oscillations produced in the trans 
mitter by the oscillators O5 and O6 respectively. 
This, however, is not imperative; in the receiver 
transformation of the incoming frequency-modu 
lated oscillations into oscillations comprising a 
frequency spectrum of 0 to 1000 cycles/sec. may 
also take place by making the oscillators O7 and 
O8 generate oscillations whose frequency is differ 
ent from the frequency of the auxiliary oscilla 
tions in the transmitter. As an alternative the 
desired transformation may be obtained by tun 
ing the oscillator O7 to a frequency of 31,000 
cycles/sec. and the oscillator Os to a frequency of 
20,000 cycles/sec. 

However, in the form of construction under 
view, in which the whole frequency spectrum is 
shifted by an amount of 1000 cycles/sec. and 
conversely, the frequency difference between the 
oscillators O5 and O6 in the transmitter and the 
oscillators Os and O7 in the receiver is equal to 
the minimum admissible modulation frequency 
of 1000 cycles/sec. in the transmitter plus the 
highest signal frequency of 10,000 cycles/sec. to 
be transmitted. In the present numerical ex 
ample the difference between the oscillators O5, 
O6 and Og, O7 respectively consequently corre 
sponds to 11,000 cycles/sec. 
We claim: 
1. In a frequency modulation System, a Source 

of wave energy of carrier wave frequency to be 
modulated, a source of modulating potentials 
coupled to said source of Wave energy to modul 
late the frequency of the latter in accordance 
with the modulating potentials, and means in 
said coupling for increasing the frequencies of a 
band of lower frequency modulation potentials 
by selected equal amounts which exceed the low 
est modulation frequency to reduce at a receiving 
point distortion at said lower frequency modula 
tion potentials due to multipath transmission 
comprising, filter circuits for separating a band 
of modulating potentials in the lower frequency 
range of said modulating potentials from the 
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remaining modulation potentials, separate paths 
coupling said filter circuits to said frequency 
modulator for supplying the modulating poten 
tials to said frequency modulator and hetero 
dyning means in the path supplying said band of 
lower frequency modulating potentials. 

2. In apparatus for receiving wave energy of 
carrier wave frequency which has been frequency 
modulated directly by a band of modulated po 
tentials falling within a band of frequencies in 10 
the higher frequency end of the modulation fre 
quency spectrum and by a subcarrier which has 
been modulated by the remaining modulating 
potentials found within a band of frequencies in 
the lower end of the modulating frequency Spec 
trum to reduce at the receiving point distortion 
at said frequencies in the lower end of the modul 
lating frequency spectrum due to multipath 
transmission, modulated Wave energy amplifying 
means, a frequency converter including a Source 
of oscillations coupled to said amplifier, a fre 
quency responsive detector coupled to said con 
verter, means for selecting from said detector the 
modulation components corresponding to the 
components used to directly modulate said car 
rier in the transmitter, means for selecting from 
said detector the modulation components corre 
sponding to the modulated subcarrier used at said 
transmitter, a demodulator for deriving from Said 
modulated Subcarrier the Original modulation 
components in said band in the lower end of the 
modulation frequency components, and means at 

8 
said receiver for recombining said modulation components. 

JAN WAN DER MARK. 
THEODORUS JOSEPHUS WEYERS. 

REFERENCES CEO 
The following references are of record in the 

file of this patent: 
UNITED STATES PATENTs 

Number Name Date 
1,491,357 Nichols ------------ Apr. 22, 1924 
1907,109 Hinton ------------ May 2, 1933 

5 2,059,719 Wilson et al. -------- Nov. 3, 1936 
2,111,023 Dixon ------------- Mar. 15, 1938 
2,132,205 Dickieson ------------ Oct. 4, 1938 
2,179,182 Hansell ------------- Nov. 7, 1939 
2,212,240 Talande et al. ------ Aug. 20, 1940 

20 2,233,183 Roder ------------- Feb. 25, 1941 
2,301,455 Roberts ------------ Nov. 10, 1942 
2,323,698 Armstrong ---------- July 6, 1943 
2,389,356 Goldstine ---------- Nov. 20, 1945 
2,402,059 Craib -------------- June 11, 1946 

25 2,407,259 Dickieson ---------- Sept. 10, 1946 
2,407,308 Lorenzen et al. ------ Sept. 10, 1946 
2,408,692 Shore --------------- Oct. 1, 1946 

FOREIGN PATENS 
30 Number Country Date 

466,071 Great Britain ------ May 21, 1937 


