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This invention relates to a device for the trans-
mission of signals by means of a freq;lency-modu_-’
1ated cavrier wave. It is

modulated oscillations.
The invention has for its
advantages another advantage viz: 3 considerable
decrease of the distortions which may arise when
the emitted signal reaches the receiver along
different paths: ) : S
The invention is based on the recognition that
upon reception- of frequency-modulated oscilla-
tions reaching the receiver along two paths with
o difference in transit time T the. distortion
oceurring after detection depends on the fre-

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 - freguencies
and for this reason a device for the transmission
of frequency-modulated '
to-the invention, arranged so that ab ‘1éast da:part
of the frequency spectrum

in such manner that the frequency specfrum of:

known that in various -
réspects the use of frequency-modulated oscilla~ -
tions may have great advantages over amplitude-

object to add to these -
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oscillations is, according

-t of the signals to be"
transmitted is:heterodyned before the modulator -
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tHe oscillations modulating the carrier wave to be-

transmitted solely comprises frequencies above:
a definite frequency which exceeds the Jowest fre-.

quency of the- signal ‘frequencies to be ‘trans-

mitted.

The frequency spectrum of the signals to be’

80

transmitted is preferably shifted towards the

higher frequencies: by an amotunt corresponding

at least substantially to the minimum - ffequency

which may- still appear ‘in the oscillations modu-

lating' the ‘carrier wave and which preferably

amounts te about ¥000 cycles/sec. -
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The-choice of the minimum frequency is deter-

mined on the one hand by the admissible distor-
tion which oceurs after detection due to'trans-

‘40"

mission along two different paths, buton" the-
other hand the minimum frequency should not be

chosef too- high, since otherwise there oceur 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 moduldation frequency de-
creases. SRR

The invention will' be-more fully explainied by
reference to- the accompanying ‘drawing, ‘given

50

_cycles/see, transmitted by the filter W2, 'Tn-this

by way of example; in which Fig, 1 represents

one form of construction of & transmitting: device

b
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-carrier-wave to. be

rangement for the-reception of frequency-mod

‘plied’to’

“formed oscillations no-Jonger:comprises freqiien="-
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according to the invention, in which that, part of
the frequency spectrum ofthe signals to betrans-
mitted, which lies below- the lowest admissible
frequency of the oscillations  miodulating  the’
transmitted is heterodyned in
such manner that the transformed spectrum does
not: comprise frequiencies below ‘the 'said- fre~
quemey. o G men
“Pig: 16 schematically represents a receiving ar--

lated oscillations’ transmitted by’
viee as shown inFig. 1a. - -
“Fig. 2a represents a device for the transmission
of sienals, in which the whole fréquency spectrum -
of ‘the signals to be transmitted is’shifted by an”
amount corresponding to the lowest ‘freqiiency’
which: may still appear in“the ‘osciua,tions;modui""
lating the carrierwave. - 7 S
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 inthe drawing it'is postulated thatthe fre-""
quency: spectrum  of ‘the-signals to be transmitted:”
comprises & frequency range of’ 010°10,000 cycl
sec. and that the oscillations modulatingithe: g
rier wave may: solely’ comprise: frequencies above
1600 cyclesy/sec: B R N AN A e L
-Tr:the form:of construction represented i Fig
1g the:signals: to be transmitted;: which: are gen=:
erated: in. a. microphone Q; are supplied- through:
a low-frequency .amplifier. LF1 to'two: filters: Bi:
and ¥z, of which the filter ) transmits the sighal®:
frequencies exceeding the lowest frequency which:!
may: still'appear in the oscillations modulating the
catrier wave, the filter Fz transimittinig the ‘sighal
frequencies: which are lower than-the: said fre=
quency.” The frequencies.of 1000 to 10,0007 cyeles/
sec. transmitted by the filter Fr are directly supt’
a frequency medulator:FM; and the fre-:
quencies .of 0 to- 1000 cycles/seci transmitted by
the filter ‘F2 are heterodyned, before ‘peing’ sup---
plied to. the-frequency modilator FNE iy stich *
manrier that the frequency spectrum of the trans--

means of a-de-

ciesbelow 1000 cycles/sec.: To-this ‘end the: fr
quericies transmitted by the filter Fa are’ suppled-
to'a modulator M1 having also supplied to'it an’™
oscillation- generated by an- oscillator Or-whose
fréquency is higher than the highest ' original
signal frequency to be transmitted and amounts'
to say 18,500 cyeles/sec., which oscillation is am="
plitude-modulated: by the frequencies of 0 to 1000+~

way - there ‘are ‘produced -two: side bands ‘col
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3

prising & frequency range of 10,500 to 11,500
cycles/sec. and 10,500 to 9500 cycles/sec. respec-
tively. In the modulator M the carrier wave of
10,500 cycles/sec, is preferably suppressed, where-
as the two side bands are supplied to. a filter P,
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 fre-
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 Og is frequency-

modulated by the frequencies supplied to the
modulator. The frequency spectrum of the oseil-.

lations modulating the carrier wave includes the
frequency band of 1000 to 10,000 cycles/sec. trans-
mitted by the filter F: and the frequency band of
10,500 to 11,500 cycles/sec. transmitted by the

filter ¥3, 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
O: 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 meodulating
oscillations-is but slightly broader than the fre-
quency spectrum of the sighals 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
with an increasing width
trum of the oscillations. frequency-modulating
the carrier wave. In fact, the energy of the dis-
turbances.oceurring is proportional to

(f_m)’ .

8

wherein s represents the amplitude of the varia-
tion of the momentary frequency and fm repre-

sents the maximum frequency of the modulating
oscillations. :

of the frequency spec-

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 g
frequency-modulated carrier wave, in'which cadse
the frequency spectrum
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 g device
as shown in Fig. 1a comprises a high-frequency
amplifier HF to which are supplied the oscilla-
tions picked up by an antenna A:. - The amplified
oscillations set up in the output circuit of the
amplifier HF are breferably supplied through a

frequency transformer or modulator Moz, to which .
are supplied oscillations locally generafed by an
to a detector D, in which the fre. 6

oscillator Og,
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,

the receiver increases K

of the modulating oseil- °
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4

the oscillations in the output circuit of the de-
tector D are supplied to two filters F; and Py, of
which the filter P; transmits the frequency band .
of 1000 to .10,000. cycles/sec. and the filter Py
transmits the frequency band of 10,500 to 11,500
cycles/sec. The frequencies transmitted by the
filter ¥3 are directly supplied to a low-frequency
amplifier LF2, and the frequencies transmitted
by the filter P4 are so heterodyned, before being
supplied to the low frequency amplifier LF%, 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 s fransmitted by the filter F» in the trans-
mitter. For this purpose the frequencies of 10,500
to 11,500 cycles/sec. transmitted by the filter Fu
are supplied to & modulator Mz, which has also
supplied to it an oscillation which is generated
by the oscillator O« and has a frequency of 10,500
cycles/sec. In the modulator M; 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 Fs and supplied to the low freqguency

amplifier LF»2. 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 Fs, which bands jointly com-
prise the frequency spectrum of the signals. to-
be transmitted, the oscillations set up in the out-
but circuit being supplied to a loud-speaker LS, .
in which the amplified oscillations are trans-

-‘formed into the sound vibrations to be received.

Fig. 2a 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 cyeles/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. 2q the parts corresponding -
to the arrangement shown in Fig. 1¢ bear the

~same reference numerals; furthermore, it is ag-

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-
fler LF:1 to a modulator Mg, which has also sup-
plied to it an auxiliary oscillation supplied by an
-oscillator Os 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 Ms, the two side
bands being supplied to a filter Fs, which solely
transmits the upper side band, and supplies-it to -
2 modulator Ms, which has also supplied to it a -
second auxiliary oscillation supplied by. an:oscil-. .
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la'bor-feis;whose-ﬁrequenoyfiis-:1900’-@ycl'e.75ee.‘mgrher-
than the highest frequency of the upper sidehand
and consequently has a frequency of 41,000
cycles/sec. In the modulator Ms, “also, there
ensue two.side hands, whick: comprise a frequency
range of 71,000 to 81,000 cycles/sec. and of 11,000
to 1000 cycles/sec. respectively. This last-men-
tioned: 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 - dees .not comprise freguencies below: 1000

cycles/sec:, s supplied, through a filter Fi solely
transmitting this. lower side band, to a medulator
FM,. wherein the carrier wawe preduced by: the
generator Oz is frequency-modulated By these
side-band frequencies. - o
T the described form.-of construction: the fre-
querncy spectrum of the: signals to be transmitted
is:moet only shifted as a whole hy 1000 cyclesisec.,
but also the frequency spectrum is reversed; as a
resilt of ‘which the low and ‘high frequencies Te-
spectively .of the signals fo be transmitted are
high and: low frequencies. respectively in the-fre-
quency spectrum of fhe oseillations modulating
the carrier wave. -

This: reversal of the frequency spectrum: does
not take place if the auxiliary oscillation supplied
by the oscillator Os fas g frequency which is 1000
cycles/see. lower v
frequency band. ef 30,000 to 41,000 cycles/sec.
transmitted by the filter Fs and consequently sup-
plies an oscillation having a. frequency of 29,000
cycles/sec. ~In this case there ensue in the modu-
lator Ms 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 Os
should produce oscillations whose frequency lies
beyond the side bands produced in the modulator
Ms; in order to achieve the desired displacement
of the frequency spectrum of the signals to be
transmitted the osciilator Os, provided the filter
T transmits the upper side band of the side bands
obtained in the modulator M+ which comprises the
frequency range of 30,000 to 41,000 cycles/sec.,
wil]l consequently be tuned to a frequency which
exceeds by 1000 cycles/sec, the highest frequency
of this frequency band, but if the filter P 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-
1ated oscillations emitted by means of a device as
shown in Fig, 2a, 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 Mz and the detector D, the
Jatter 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 fransform this frequency spectrum

than the lowest frequency-of the:
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_quency of

into the:frequency: spectrum-of the signals to be:
received the .oscillations in the’ output circuit of
the detector- D are supplied::to:'a modulator: Ms.
having supplied to it.an ‘auxiliary: oscillation sup-
plied by-an oscillatior Oz whose:frequency amounts
to say 41,000-cycles/sec: . In the moedulator Msthe
osciliations generated by the oscillator Or:are am-
plitude modulated: by the oscillations compris~
ing the frequency spectruny of 1000 40::11;000°
cycles/sec., the carrierwave being preferably sup--
préssed andthelower side band of 30,000 to 40,000
cycles/sec. of the two side bands thus. produced
being transmitted by a filter Ts.and supplied to:a
modulator My, in which-this frequency ‘is modu-
lated on' the auxiliary .oscillation supplied by: the
oscillator ‘Os; whose frequency corresponds to the:
lowest frequency-of the transmitted side band and
consequently amounts o 30,000 cycles/sec. In
this cage two side hands efisue again, of which the:
tower; which ihcludes ® the freguencies of 0 to:
10,6001 cycles/sec., ‘ecrresponds to the frequency:
speetrum of the-signal tobe received. .. This lower
side ‘band: is supplied through a filter oy which.
stops the carrier wave and the upper side band, 1o
the low-freguency amplifier LF2 and subsequently
o the loundspeaker S, in which the incoming os-
ciliations, comprising & fregquency band -of ‘0 to
10,000 cyclés/sec., are transformed-again into the.
incoming sound-vibrations. . . . o
" Tn the. form of cOnstmction‘,represented in Fig.
9p the frequency of the “oscillations’ supplied by
the oscillators Os: and- Oz corresponds. 1o the: fre-
the oscillations produced in the trans-
the oscillators Os and Os respectively.
receiver

mitter by
This, however, is not imperative; in the

" transformation of the incoming frequency-modu-
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lated oscillations into oscillations comprising a
frequency spectrum of 0 to 1000 cycles/sec. may
also take place by making the oscillators O7 and
Og 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 fun-
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 Os and Os in the transmitter and the
oscillators Os and O in the receiver is equal to
the minimum admissible modulation frequency
of 1000 cycles/sec. in the transmitter plus the
highest signal irequency of 10,000 cycles/sec. to
pe transmitted. In the present numerical eX-
ample the difference between the oscillators Os,
Os and Os, Or 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 modu-
1ate 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

75 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
the higher frequency end of the modulation fre-
quency spectrum and by a subearrier which has
beeri modulated by the remaining modulating
potentials found within 2 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 modu-
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 van pEr MARK.
5 THEODORUS JOSEPHUS WEYERS.
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