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It Claims.

This. application. discloses improvements in
transmission frem: a, phase: modulation: transmit~
ter and i receivers of said transmission where:
the allowable signal channel width: is sufficient
ta permit large phase swing. ,

The general object of the present invention: is
to reduce noise: by utilizing as fully as possible
the full available channel width, whether or not

- the original modulating voltage is of low or high
audio. frequency and: whether or not it is of larger
or smaller amplitude:

Other objects attained in the present invention:
and: advantages: derived by the use thereof will
appear in: the detailed: description: which follows
and in which: reference is made: to the- attached
drawings wherein;

Fig. 1 illustrates a preemphasis. circuit. used to
reform or modify the modulating potentials used
to modulate: the: transmitted carrier. This pre-
emphasis circuit is arranged: and operated in ac-
cordance with my invention to modify the modu-
iating potentials in a particular manner appro-
priate to the use to which I put them, -

Fig. Za is an amplifier or relay wherein the
modulating potentials are further modified in
aceordance with: their amplitude in sueh o man-

ner that the output voltage varies substantially

as the Jogarithm of the input voltage,

Fig. 2b. is a modified efreuit using the principle:

of the eircuit of Fig. 2o in a full wave amplifier
- or relay of the modulating potential,

~ Pig. 2¢ shows qualitatively: the charaecteristic
of the. circuit: of Fig. 2b,

Fig. ¥ illustrates partly: by bloek diagram and
chiefly schematically a phase modulation: trans-
mitter including the novel features of my’ present
invention, . :

Tig, 4 illustrates in like manmer a -modified
phase modulation transmission system arranged
i accordanee with: my invention,

Fig. 5 shows. a tube relay and: voltage modify-
ing -eircuit to Be used at a receiver adapted to
reeeive. the transmission: from & transmitter such:
as the: type illustrated in. Figs: 3 and 4; while,

Fig. 6 illustrates a receiver arranged and adapt-
ed: to recelve waves transmitted in accordance
with: my invention:. .

Phase modulators have:the advantage: over fre-
guency modulators: in that crystal control circuits
may be-employed to stabilize the transmitied car-
rier. However, in: the. case. of a phase: modulat-
ing transmitter it:is: also: known that for a.given
amplitude: of modulating: voltage: the radiated
spectrum: is: the wider;. the: higher the: frequency:
of the modulating: voltage:. If the: modulating
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veltage were to reach the same: maximum. gmpli=
tude: at all freguencies a simple: voltage “pre~
emphasis” of the various modulating, frequencies:
inversely in accordance with their frequencies:
would result in a full utilization: of the available
channel or frequency spectrum regardless of the
frequency of the madulating voltage. However,
in-ordinary speech.or music the. low frequencies:
are likely to: reach: maximum amplitudes: eonsid~
erably in excess of the maximuny amplitude of
any. -of the higher frequencies. Hence & simple
preemphasis-such as- mentioned above: wouldc re-
sult in the lew audio frequeney components of
speech: gr-music creating = wider than: allowable
spectrum if the transmitter were adjusted: to
cause the higher frequency components e utilize
the allowable channel substantially fully.

In accordance with one aspeet of the present
inventien: I therefore provide & preemphasizing
network for the voice, or ‘music, which network.
transmits the higher frequencies with: output am-
plitudes substantially inversely” proeportional: to
their frequencies, but. which: provides lessening
preemphasis- as, the fregquency becomes: lower so
that -only a limited amount: of preemphagis: ig
imposed: on. the lowest. modulation: frequencies.
The exact constitution of. this network. may be:
varied somewhat in- accordance with the nature
of the; signals to be: transmitted, but. for the: pur~
pose af illustrating as: simply as possible a. neb~-
work. which- isi eapable of realizing to- a1 large
extent, the advantages of the present. invention
Fig. 1. may be discussed:. )

In Fig: 1, kB is the signal or control petential
solrce. such. as. current or voltages. representing
voice, music or pictures originating in- a: studio.
R and C respeetively represent. circuit resistance:
and capacity which modify the voltages. from the
studie in accordance with their frequency but as
will be seén. later not necessarily in inverse pro-
portionality to their frequency. '

1t is easily shown that the output voltage of
Fig. 1 for a given input amplitude to R, C, i§
proportional to ’

1
[+5WEC

where W equals: 2 times: the. frequency of the
input. - In: accordance  with. thie present. inven-
tion, R and: € are so chosen that at -the: highe
frequencies WRC is:much greater: tham. k. whereby:
for: high frequencies: a: simple: preemphasis: sub-
stantially: inversely: proportional: to frequency’ re-
sults. However, R and C are further se: chosen
that at very: low audible: frequerncies: WRG: is: 1€s8




=
than 1 so that at very low frequencies there is
a substantially lessened preemphasis. This choice
of R and C distinguishes the network of Fig. 1
from previously -used networks of similar dia-
grammatic compositions wherein R and C were
50 chosen as to make WRC less than 1 through-
out the entire audible range, thus producing in
these known networks a simple Ppreemphasis,
_hamely, . ‘inversely ‘proportional -tg frequency,
throughout the whole signal range.

To recapitulate the foregoing, the breemphasiz- -

ing network of Fig. 1 alters the relative am-
plitudes of the various component frequencies of
speech or music ete. in such a fashion.that the
radiated spectrum of a wide phase deviation
transmitter (modulated by the output of Fig, 1)
more fully and uniformly utilizes the  available
channel at all modulation frequencies than would
be the case in the absence of Fig. 1. C

Quite distinet from the foregoing considera-
tions there is-another reason why full utilization
of the allowable channel in either wide phase or
wide frequency modulation has not been attained:

in-the past. This reason is the great variation of

signal intensity level from time to time in both
speech and music. -It is obvious that only during
periods of high-intensity of the hodulating volt-
age will'the allowable channel be fully utilized.
Attempts have been made in the past to improve
‘this situation by subjecting the modulating volt-
age-to what is called “compression of the dynamic
range.”. - However, this sort of treatment intro-
duces other difficulties and it is therefore an ob-
Jject of the present invention to provide. an im-
broved means, other than compression, for wid-
ening the radio spectrum resulting from low in-

tensity modulating voltage relative to that re-:

sulting from high intensity voltage. 'This means
provided may be illustrated by one suitable device
shown in'Fig. 2a although it will be understood

that other-devices having similar characteristics

may-be employed alternatively. ]
-In Fig. 2a is shown g relay or amplifying tube
12 having a resistance r in its grid circuit to which
the:modulating potentials are applied and a re-
sistance 7p in its plate circuit from which the
modified ‘modulating potentials are derived.
.~ Referring how to 2a it is known that if s posi-
tive voltage of -variable amplitude is impressed

~ through r on the grid of tube 12 by way of the

“Input terminals and, if r is very large while the
+ plate resistance rp is small, then the output volt-
age will vary substantially as the logarithm: of
. this-input voltage. This is because the large
value of r makes the grid current substantially
broportional to the input, in combination with
the fact that for small positive grid potentials the
- grid current varies exponentially with respect to

- grid'potential. Hence; the grid voltage varies as

- the logarithm of the grid current and thereby as
- the logarithm of the input voltage. The plate
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current varies linearly “with grid voltage for -

Small variations, so that finally we have a plate
current which varies as the logarithm of the in-
- put-voltage. o

If now I employ a pair of tubes 12 and 12’ each
arranged in a full wave circuit as shown in Fig.
2¢,.I obtain the push-pull arrangement as illus-
:frated. in. Fig, 2b. The overall relation derived
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between secondary of transformer 16 and the in- .

stantaneous input voltage applied to the primary

‘of transformer 18 of Fig. 2b is shown qualitatively

JinFig. 2c. e A
+-Imagine now that modulating voltages are ap-

76

‘pull preemphasis network
-combined with the full wave or
“breemphasis circuit of Fig, 2b.

plied to a phase or frequency modulating trans-
mitter through the arrangement of Fig, 2b. It.
will be seen from Fig. 2¢ that small amplitudes of
modulating voltage will produce ‘relatively much -
larger phase or frequency deviation, than large
amplitudes.- Thus even during weak passages of
music for example, the radiated spectrum may.
utilize a substantial portion of the allowable
channel while strong passages are prevented from
exceeding this channel by virtue of the saturat-
ing or limiting property of the device of Fig. 2b.
 Fig. 3 shows schematically a complete trans-

“mitter arranged to utilize the allowable channel

more fully than has been the case in prior trans-
mitters, both with respect to varying frequency
and varying -amplitude of the components of
speech or music to be transmitted.

In Fig. 3, 10 -represents the signal source. . 20
is a transformer feeding the signal voltage to a
preemphasis cireuit comprising L and R and to
an amplifier tube 24, the anode of which is
coupled by a condenser 28 and resistance 30 to -
the input electrodes of a second amplifier tube
34, the anode of which is coupled to. the primary
winding of transformer (8 the 'secondary wind-
ing of which feeds the pair of tubes-12-and:- 12"
connected as illustrated in Fig. 2b to modify the
voltages as illustrated in Fig. 2c.- The output
transformer of the tubes 12 and 12’ feeds an am-
plifier 36 which in turn supplies the modulating
of- any approved
type'in 38 to modulate therein carrier wave oscil-
lations from a source 40. ‘The source 40 may com-
prise ‘a stabilized oscillator and/or frequency
multiplier. These: modulated waves.are fed- to
a unit 44 wherein they are frequency multiplied,
converted in frequency and. amplified as desired. -

In the arrangement-of Fig., 3 the combination -
of L and R is shown as an alternative to the net-=
work of Fig. 1. The ratio - : .

L
) R )

plays the same role as the product' CR of Fig, 1.
The network of Fig, 2b. is. as is shown incor-
porated without alteration in Fig. 3. The sig-.
nals from 1§ are modified in L, R as described
hereinbefore, amplified in tubes- 24 -and 34-and
further modified in accordance with their am- -
plitude in tubes 12 and +2’, amplified in 86 and
finally used to phase modulate the carrier in 28
the high frequency output of which is increased
in amplitude and frequency as desired in’ 44 for
utilization. : : e

-In the modification illustrated in Fig. 4 a push-.
of the type of Fig. 1is
pushpull intensity

This circuit, it-is
believed, needs no further discussion at: this:point,

Having now shown -how to improve the effi-
ciency of channel utilization in-a phase modu-~
lating transmitter; :there remains the ‘question:
of reception of signals. from such g transmitter, -
and it is.a further object of the bresent invention
to provide a receiver capsble of producing, from
such transmission, the original- studio signal
without the amplitude and frequency -distortions
imposed on it during transmission.. - Y

Let us suppose -we start with a simple FM-te-
ceiver and that the amplitude. distorting device
of Fig. 2 is absent from the transmitter. The
output of an FM receiver is. proportional to the
rate.of :change of phase;of the received ~signal;
and the latter is equal to. W- where' W.is- definéd
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as before. But on account of the preemphasis
netwark the phase deviation is preportional te
1
mWITd

as noted in connection with Fig. 1. Hence the
output of the BM receiver is pro;portlonal to
W
T WRC
Since we wish the output of the receiver to be
determined only by the amphtude of the studio.

voltage, a correction network must be g,pplied to
the output of the FM receiver and this correction

network must have an output to mput ra,tm’

given by _
1 JFJ.'-WRC;’

so as to offset the unde51red frequency depend-
ence just mentioned, Such a correction network

may. be constituted as shown schematically in -

Fig. 5, in which a choke feed for D. €. is assumed.
The transmission ratio in Fig. § is prOportlonal
to
R//_i__._].‘__
Mg
and, hence to
1-4jWR'C"

Therefore, if R’C’ is made equal to RC, the out-
'put of the simple FM receiver wnl be corrected
for frequency distortion. Next we may cons1der
the correction of amplitude. distortion. This may
best, be explained by reference to the partly sche-
“matic diagram Fig. 6.
In the receiver in Fig. 6, 50 is a radio frequency
amphﬁe1 and mixer such as of a heterodyne re-
ceiver.. 52 represents the source of oscillations
for beating with the received wave in the mixer
or converter in 50, 94 is an intermediate fre-
quency, amplifier. 56 is an: amphtude limiter. 58
is a. frequency discriminator and rectifier system.
60 is an, audio. frequency a.mphﬁer while amplifier

tube 64 has in its output a resistance R’ and a

condenser C’ the purpose of which will be de-
scribed hereinafter.
The output from the intermediate frequency

amplifier 54, is supplied to a rectifier 70. wherein,

potentlals for automatw volume control purposes
are developed and fed to.one or more of the stages
in 54, Audio frequency and direct current is
taken from the output of 58 and fed back to a
reactance tube modulator in T4 to stablhze the
local osclllator in 52 in a manner described here-
inafter.
frequency control potential are filtered out by
resistors 18 and condenser 80.

The modulation output, of the amplifier in 60
is supplled to the primary wmdmg of a, trans-
former 18, the secondary winding of which Is
connected to the control gnds of & pair of tubes.
12 and 12’, the anodes of which are coupled by

a transformer 6 to an audio amplifier in 90.

The amphﬁers {2 and I2' and their couplings are

similax, to the arrangement in Flg 2b and.operate.

in the same manner. The output of the a,mphﬁer
in 80.is. also fed to the reactance tube and is used
along with the dxrect current automatic frequency
control potential supplied from 88 to control the
operation of the reactance tube modulator coupled
to the oscillator in 52.

Basically this is a superheterocdyne receiver
whose mixer input system (including R. F. stages

The audio variations in this automadtic.

3

if any) is broad enough to admit. the full spec~
trum of the transmitter of Fig. 3, for example
100 kc.  However, intermediate frequeney system
54 is preferably much narrower for reasons which
will appear later.. The intermediate frequemcy
output feeds a rectifier in.10 which produces AVC

. voltage in the usual way, and the intermediate
- frequency oubput also excites a limiterin 56. The

- current poten
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limiter outp tmpressed on 3 sharply respon-
sive discriminator of any of the well known types
in unit, 58, that is, any discriminator which yie
upen 2 srnall change of the intermediate fre-
quency from its nominal value, a large direct
ial whose sign and amplitude are
in accordanee with the direetion and ameunt; of
sald chanve The average discriminator- output
may be separated from audro variations by the
“RC” filter 18 and 80 shown in the connection
between 58 and the reactance tube im 14 and
used as “ARC” voltage to keep the mean; inter-
mediate frequency equal to the zero-outpuf fre-
quency of the dlscnmlnator

The audio frequency output; of the diserimina-
tor is amphﬁed in unit 60. and corrected, for fre-
quency: distortion by the coupling network R'C’
as desecribed in connection with Fig, 5 angd then
impressed on the loud speaker ox other utilization
device.

Some of the audio frequency output, of the dis-
crlmmator is also impressed, withoutf, frequency
distortion correction, upon a logarithmic outpub.
device. 18, 7, r°, 12, |2’ rp, 1o’ and 16 like the cir-
cuit of Fig. 2b. The output of this device is then
amplified in 920 and xmpressed on the reactance
tube in 14. The insertion of the. logarithmic. de-
vice as described. accomplishes co,rrectlon, of am-
plitude distortion as follows:

In accordance with the invention, the gOvern-
ing action of the circuit, conneeting: the discrimi-
nator output to the reactance tube. is so strong
that the frequency departure of the intermediate
frequency from its mean value.is at all times kept,
very small compared with the variation of insban.-.
taneous frequency of the signal received upon the
mixer in 56. This requires, however, that the
local oscillator frequency from 52 must, vary about,
its mean, frequency in the same way and, almost
as much. as the instantaneous frequency of the
received signal varies. But this in tum regyixes
that the voltage input to the logarithmic: device
12, 12’ should differ from the transmitter studio:
voltage only to. the extent thab the performance
of the preemphasizer of Fig. 3 or 4 ‘differs, from.
simple inverse variation with frequency. This
difference between discriminator output and.
studio. voltage is. what is.corrected by the network
R’C’ of Fig, 6. It should be emphasized that the.
exactness of compensation for frequency and
amplitude distortions introduced at. the frans-
mitter in order to improve signal to. noise: ratio
by more fully utilizing the available channel,
depends upon. the exactness with which network
R’C’ of the receiver is. matched to the. fransmit-
ter network time constant. R/L. of Fig. 3. (or RC
of Fig, 4), and upon, the exactness with which the.
performance of the logarithmic. device of the re-
ceiver matches that of the transmitter,

It is realized that the particular devices here..
shown, for, limited low frequency. and. low. ampli--
tude preemphasis in the transmitter may be re-
placed by others which accomplish similar re-
sults, and that the correction for these distor-
tions may be accomplished in other than the
particular manner shown. However, the present
invention is believed to cover all such modifica~
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tions as fall within the scope of the following
claims: ’
"T'claim:

1, In g system of- the nature described 8 source
of ‘carrier wave energy, a source of modulation’
potentials covering a- band of frequencies, con-:

hections between said sources for modulating the
phase of the:carrier by the modulation potentials
of said band, means in-said connections for mod-
ifying the miodulation potentials substantially in
accordance with the logarithm of their ampli-
tudes, -a receiver including a frequency discrim-

inator and detector éxcited by currents the mod-

ulations on:which correspond to the carrier mod-

ulations, an amplifier coupled to . said detector:
for amplifymg detected components in asccord-:

ance with the logarithm of their amplitude and
connections for modulating said currents in ac-
cordance with the output of said amplifier.

2, The method of modifying the form of sig-
nals to be used in g system wherein the instan-
. taneous frequency of a carrier is to be modulated
in "accordance with-the said modifled signals

which includes these steps, modifying the am- .

plitude of currents representing the signals as
a function of their frequency to derive resultani
amplitude modified currents and modifying the
resultant currents as a function of their modl-
fied amplitude.

3: The method of modifying the form of-sig-
| ‘nals'to be used in a system wherein the instanta-
neous frequency of a carrier is to be modulated
! in accordance with the sald modified signals
i which includes these steps, modifying the ampli-
. tude of voltages representing the signals sub-
| stantially inversely in accordance with their fre-
quency to derive resultant. amplitude modified
voltages and modifying the resultant voltages
substantially - in accordance with the loganthm
of their amplitudes,

i 4.The method of signalling by wave length
© modulated carrier energy and improving the sig-
. nal to noise ratio during the signalling - process
which includes these steps, modifying modulai-
ing potentials as & function of their frequency
and also as a function of their amplitudes as
: modified in- accordance with their fregquencies,
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their- voltages ‘a5 odified in accordance with
their frequency, modulatmg the -instantaneous
frequency of carrier energy in accordance Wwith
the modified voltages, transmitting the modu=
lated carrier, demodulating the transmitted car-
rier to derive the signal voltages, modifying the
signal voltages in accordance with their frequen~
cies for utilization purposes, modifying the sig-
nal voltages in accordance with their amplitude
as demodulated and controlling the carrier being -
demodulated in accordance. with the mod1ﬁed’_
voltages. = -~ .

7. The method of 1ncreasmg the SIgnal to n01ee:

ratio of signals wherein a carrier has its instarn-

taneous frequency modulated in accordance with
voice which includes these steps, modifying the

signals substantially inversely in accordance with R

their -frequency and substantially in accordance
with the logarithm of their voltages as modifled .
in accordance with thelr frequency, modulating
the instantaneous frequency of carrier energy in
accordance with the modified voltages transmit-

ting- -the. modulated - carrier, .demodulating the -

transmitted carrier to derive the signal voltages,.
modifying the signal voltages in accordance with
their frequencies for utilization purposes, modi-
fying the signal voltages in accordance with the
logarithm of their amplitude as demodulated and:
controlling the carrier being demodulated in ac-
cordance w1th the last mentioned modified volt-
ages.

8. The method of correcting signalling currents .
for use in angle modulation systems which in-
cludes these steps, modifying the amplitudes of
signalling currents substantislly inversely in ac¢-
cordance with their frequency and also modlfy-v'
ing the signalling currents substantially-in ac-"

_-eordance with the logarithm of their amplitudes.

40

45

. modulating the carrier in'accordance with the

modified voltages, transmitting the carrier, de-
- modulating the transmitted carrier and restor-
. ing'the voltages to their original form.

i~ b. The method of signalling by wave length
- modulated carrier energy and improving the sig-
nal to noise ratio during the signalling process
which includes these steps, modifying modulat-

‘9. The method of signalling including these
steps, modifying - the -amplitude of modulation
currents as a function of their amplitude, fur:’
ther modifying the amplitude of the said modula-
tion currents as a function of their frequency, and’

" modulating the instantaneous frequency of wave

energy of carrier wave frequency 1n accordance‘
with the modified currents.

10. In a wide band phase modulation system
the method of improving signal to noise ratio in

~ transmitted energy which. comprises” more and

50

more “increasing the phase deviation of earrier
current per volt of studio signal both as s1gnal

- amplitude and signal frequency dummsh trans-

855

.+ ing potentials substantially inversely in accord-' -

ance with their frequency and substantially in
accordance with the logarithm of their ampli-

tudes as modified in accordance with their fre--

: quencies, modulating the carrier in accordance
i with' the modified voltages, transmitting the car-
rier, ‘demodulating the transmitted carrier and
restoring: the voltages to their original form.

‘6. The method of increasing the signal to noise

ratio of signals wherein a carrier has its instan-

_taneous frequency modulated in accordance with

" voice which includes these steps, modifying the

-signals substantially in accordance with their

frequency and substantially in accordance with |

60

mitting the resultant energy, receiving the re-
sultant energy for deriving ‘therefrom the’ sig-
nal, and correcting both the amplitude and fre-
quency distortion introduced by said method of,
transmission. C
11. In a signalling system, a source of oscula- :
tions of carrier wave frequency, a source of mod-'
ulating currents, a coupling between said last
named source and said first named source to mod-
ulate the instantaneous frequency of the oscﬂla—'
tions by the modulating currents, elements in
said coupling for modifying the modulatmg cur-.
rents substantially inversély in accordance with
their frequency, and elements in said coupling
for- modifying  the modulating currents substan-
tlally in accordance with their ambplitude.
’ WALTER VAN B. ROBER.TS




