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% Claims,
arrangement for wireless trans-
mitters has been proposed wherein the intensity
Tt frequency varies in accordance with

A modulating
s bee

of the carrier f
the intensity of modulation. In this method, the
carrier current is not kept constant, as was usual,
but is varied in proporticn to the modulation in-
tensity so that if the volume is small, less energy
is radiated. This results in a saving of energy,
and the reduction at the receiver of disturbancas
such as atmospheric disturbances or those causad
by the heterodyning of transmitiers. The math-
od, however, has the disadvantege thai distor-
tions arise at the receiver since the rechifiers cus-
tomary st the present day have a non-linear, for
ingtance, quadratic operation. These distortions
have the effect that if the modulation intensity is
low, the reproduction at the receiver is still fur-
ther weakened, but i the intensity is high the re-
preduction is strengthened. Therefore, the in-
tensity of rewroduction is distorted. TIn other
words, the relationship between “loud” and “soft”
is exaggerated.

The invention has for its object to do away with
such distorticns. It dees 56 by measures adopted
at the transmitter and which mainly consist in so
varying the carrier frequency amplitudes as to
cempensate in advance distortions effected at the
raceiver,

The invention will be understood from the fol-
lowing desecription and be particularly wointed out
in the appended claims, reference being had to
the accompanying drawings in which

Fig. 1 is a diagram illustrating the operation
of the receivers with ths prior arrangements at
the transmitter hersinbefore referred to, Pig, 2
shows the civeuit arrangement of one embodiment
of the invention. Rigs. 3, 4 and 5 are diagrams
that relate {o the operation of other embodiments
of the invention. ig. 6 represents the circuit ar-
rangement of the embodiment to which Fig. 4
refers.

In Fig. 1 the output current i of the valve de-
tector (curve I) and the gradient S (curve 1D
is plotted against the input voltage ue. Curve I
is the demodulation curve of an audion circuit,
the first part of this curve being assumed to be
quadratic. It can easily be seen that when work-
ing with & variable carrier current, the working
point for low intensity modulation is located, for
instance, at A, and for high intensity modulation
it lies at B, and thus the output currents of the
recelver; with reference to equal modulation am-

plitudes, are subjected o very large fluctuations,

This can also be seen from the gradient curve II
in Fig. 1. In a first approximation it may be as-

{CL. 250~-6)

sumed that the mean intensity is proportional to
the gradient of curve I. The gradient curve for
& guadratic curve is a straight line (IT in Fig. 1) ;
with small carrier currents, therefore, a very
small intensity is obtained, which, in the limiting 5
case, is zero. The intensity increases in propor-
tion with the carrier current. The intensity dis-
tortionn would therefore be exceedingly great if a
proportionally variable carrier current is em-
ployed.

A practical form of the invention comprises
increasing the small amplitudes of the modula-
tion frequencies at the transmitter to the same
extent as they are weakened at the receiving end
on account of the quadratic rectification charac- 3
teristic.. The carrier current then fluctuates in
intensity in accordance with these intentionally
distorted modulation amplitudes and not in pro-
portion to the modulation amplitudes normally
employed. -

In order to obtain a variable amplification of
the small and large amplitudes a cireuit arrange-
ment may advantageously be employed embody-
ing a double-grid tube, the gradient of thecharac-
teristic of which, as is well-known, is dependent :
upon the space charge voltage. This voltage it-
self is varied in accordance with the modulation
amplitudes. To such end, a relatively simple ad-~
ditional apparatus to the transmitier may be
employed, that is, an apparatus which can easily
be removed again. With this apparatus it is also
bossibie to compensate intensity distortions pro-
duced by any part of the transmitting installa-
tion.

This additional apparatus is the one illus-
trated in Fig. 2. The currents derived from the
circuit of the microphone M act on two trans-
formers Ti and T2 connected in parallel. The
secondary of the transformer T! is connected to
one grid of a double-grid tube . The secondary
of the transformer T2 is connected to a two-way
rectifier which, in the example illustrated, com-
prises two rectifier tubhes G{. The voliage applied
to the space-charge grid R is dependent upon
the magnitude of the rectified modulation cur-
rents. The conditions are now chosen such that
the alteration of the characteristic of the tube
D is just sufficient to compensate for the distor-
tion of the intensity relationship between “loud”
and “soft” which arises at the receiving end, In 50
the anode circuit of the tube D is connected the
medulation amplifier V of the transmitter proper,
which operates with a varying carrier frequency
amplitude. )

With this method, however, very high degrees
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2
of amplification, of infinite value in the limiting
case, would have to be used for the small ampli-
tudes. Moreover, distortion and over-modula-
tion may also easily occur.

Tor this reason, according to a further fea-
ture of the invention, the carrier frequency am-
plitude is varied in non-linear relation with the
modulation amplitudes actually employed for
modulation. The amplitudes actually employed
for modulation may be already intentionally dis-
torted in intensity in accordance with the first
form of execution of the invention, although they
need not be. The object of this deviation from
the linear relation is that intensity distortion
and sound distortion may not occur or are only
present up to a certein degree permissible in
practice. This proposed deviation is hereinafter
referred to as “adaptation of the carrier current
to the demodulation chavracteristic.”

The fundamental idea of this method can be
seen from Figs. 3 and 4. Curve I of Fig. 3is again
the demodulation characteristic, it being assumed
to be a purely quadratic curve (parabola) over
the first part. The straight line IT is the gradient
curve for the parabola (that is, the first differ-
ential coefficient as a function of the voltage).

If reproduction is regquired in which the in-
tensities correspond exactly to the intensities of
modulation, the carrier current would only have
to be jumped from zero to a maximum value
(the constant value employed in the methods of
transmission customary at the present day), since
there are not ssveral points of equal gradient on
the demodulation characteristic. The curve III
is then obtained as the variation curve of the
carrier current (if). This curve represents the
carrier current of the transmitter (if) or the volt-
age proportional to it at the receiver (ue) as a
function of the modulation voltage (um), and is
plotted in the downward direction in Fig. 3. In
the intervals, the current is zero and rises im-
mediately at very smali values of the modula-
tion voitage to the constant maximum value itm.
Thus the carrier current is dependent upon the
modulation intensity in this case, although in
a coarser form. The advantage in this case over
the method customary at the present day is lim-
ited to the absence of the carrier current in the
complete absence of modulation.

A much beiter utilization of the method of
variable carrier current is possible according to
the invention when some variation of the in-
tensity relationship is permitted, say up to 50%
as the maximum variation of intensity for the
weak points. If it is borne in mind that, for in-
stance, in the hroadcast reproduction of orches-
tral and singing performances, the distortion of
intensity is much greater, such an intensity vari-
ation can be permitted without hesitation. Then,
for the curve of the carrier current adapted ac-
cording to the invention, the curve IV in Fig.
3 is obtained. It is seen that the current rapid-
ly rises, in the first instance, to the value #tm/2
which is half of the otherwise constant maxi-
mum carrier current - (correspounding to the
permissible 5¢% of the maximum intensity dis-
tortion) and remains at this value until the
mean modulation value approximately attains
the value of the carrier current; from here
the carrier current rises in proportion to the
modulation - value of the voltage. Since, ab
the value itm of the carrier current, the gradi-
ent as shown on curve II is only half as great
as with the maximum ecarrier current tm,
the intensity -distortion amounts to -as much as
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509%. The intensity distortion, although it
amounts to as much as 50%, is however smaller
in this example than if the invention is not ap-
plied in the method employing a fluctuating car-
rier frequency amplitude, that is, if the carrier
current varies in proportion to the modulation
amplitude.

The circumstances are considerably more fa-
vorable for modern receivers, wherein the de-
modulation curve comprises a relatively short
quadratic part, which then straightens into an
approximately straight line, as is represented
by curve I in Fig, 4. The gradient curve for this
appears somewhat like II in Fig. 4. According
to the inveniion, the carrier current would then
be varied according to the curve III.  For small
values of the modulation voltage, the value of the
catrier currvent rises in such a manner or is in-
itially of such magnitude that the point C on the
characteristic of reception at which the straight
part commences, is reached. From here the car-
rier current rises in a straight line (III) corre-
sponding to the constant gradient, which is rep-
resented by curve IL

The desired adaptation of the carrier current
can also be obtained by effecting the rise in more
than one step in the manner represented in Fis.
5 by curve I. Moreover, continuous curves with
2 variable gradient may be used, such as for in-

stance the curve II of the same drawing. It is ?

also unnecessary to aliow the current to drop to
zero in the complete absence of modulation. In
all these modifications of the second form of
execution of the invention, the fundamental idea
is always the same; the carrier current is not just
varied approximately in propertion to the normal
or intentionally distorted modulation vcltage, but
is adapted in its variation to the reception char-
acteristic. The result of this is that the intensity
distortion is reduced to a degree permissible in
practice, the advantages of varying the carrier

current in accordance with the degree of modu--

lation being maintained.

Various forms of execution of this method are,
of course, possible. The carrier current may be
caused to vary according to a given curve, by
employing the variable characteristic of electron
tubes or, in order to allow the carrier current to
rise suddenly, tripping arrangements or glow-
discharge relays or other well-known means may
be used.

The latter feature is involved in the arrange-
ment shown in Fig. 6. The carrier current may
have to be varied according to a curve such as
that represented at IIT in Fig. 4,
plying the antenna A of a separately excited
transmitter is supplied with high frequency en-
ergy from a source HF. The modulation of the
transmitter is effected in the grid circuit irom
the microphone M through an amplifier Vi and
a transforimer Ti. The opposing voltage of a bat~
tery B2 causes the suppression of the carrier
current during periods of no modulation. A volt-
age dependent upon the modulation amplitude is
supplied through an amplifier V2 and a rectifier
Gf to a condenser C2 of the grid circuit in stch a
manner that it opposes the battery voltage and
displaces the working point of the tube so that a
carrier current of variable magnitude is produced.
In order to effect the rapid increase of the carrier
current for small modulation amplitudes a sec-

oind path is branched off from the medulation cir-

cuit, through a rectifier G2 to an electric tripping
relay K. This relay closes the circuit of the bat-

tery Bi at small modulation voliages, and through

A valve Ri sup-
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the tube R2 produces at the condenser Ci an ad-
ditional voltage which brings the earrier current
immediately to the desired value. From this
point the carrier current then varies with the
modulation voltage approximately in a straight
line as shown in Fig. 4. A choke coil D is so di-
mentioned that the relay K responds to the slower
variations of the modulation intensity, but noct
tc the sound ocscillations.

In order to assist the compensation of the in-
tensity distortion, a variable modulation ampli-
fication can also be used in addition to the adap-
tation of the carrier current, as described ahove
with reference tc Fig. 2. In this case the device
Vi shown in Fig. 6 comprises not only a simple
amplifier but slsc the special arrangement of
a. f. circuits of Fig, 2. Both forms of execution
of the invention are then simultaneously used.
If the carrier current is not proportionally varied,
but is adapted to the shape of the receiver curve,
the working point can be displaced right at the
heginning info an area where the gradient differs
from zero, that is, has a finite value even for
small values of the modulation voltage, so that
the variable amplification also receives possible
and practical values. In contradistinction there-
to, it was necessary when using the variable am-
plification without using the second form of con-
struction of the invention, as stated above, tc use
very large degrees of amplification which are
infinite in the limiting case, for the small ampli-
tudes.

The fundamental idea of the invention ecan
still be extended. By the adaptation of the car-
rier current to the reception curve, it is possible
not only to reduce the intensity distortion caussd
thereby but also to remove wholly or partly an
intensity distortion caused by the receiving appa-
ratus. For instance, if thedifferenceof themodu~-
lation intensity between “loud” and “secft” is too
small, a compensation may be provided at the
receiver by adapting the carrier current to a point
where the difference will be greater. '

The invention can be employed not only for
wireless transmission, but also for carrier cur-
rent telephony. The invention besides is not
restricted in scope to the embodiments illustrated
but changes may be made within the scope in-
dicated by the appended claims, without depart-
ing from the spirit or sacrificing any of the ad-
vantages of this invention.

‘What is claimed is:

1. In a telephonic transmitter, the combina~
tion of a microphone, a source of carrier fre-
quency, an antenna, a valve tube connected be-
tween this source of carrier frequency and said
antenna, means connecting said microphone to
said valve tube whereby said carrier frequency
is modulated by signals from said microphone, a
rectifier connected to the circuit of the micro-
phone, a capacity in circuit with this rectifier
and disposed in the grid circuit of the said valve
tube, a second rectifier connected to the circuit
of the microphone, a second valve tube, this sec-
ond rectifier being arranged in the grid circuit
of the second said valve tube, a tripping device
and a direct current source both connected in
the grid circuit of the second valve tube, and a
capacity shunted to the anode circuit of the sec-
ond said valve tube and connected in series with
the first said capacity.

2. In a telephonic transmitter, the combina-
tion of a microphone, a source of carrier fre-
quency, an antenna, a valve tube connected be-
tween this source of carrier frequency and said

antenna, means connecting said microphone to
said valve tube whereby said carrier frequency is
modulated by signals from said microphone, &
rectifier connected to the circuit of the micro-
phone, a capacity in circuit with this rectifier and
disposed in the grid circuit of the said valve tube,
a second rectifier connected to the eircuil of the
microphone, a second valve tubke, this second rec-
tifier being arranged in the grid ecircuit of the
second said valve tube, a tripping device, a di-
rect current source, and retardation means,
these three connected in the grid circuit of the
second valve tube, and a capacity shunted to the
anode circuit of the second said valve tuke and
connected in series with the first said capacity.

3. In g carrier or radio signalling system, the
method of compenssting for the intensity dis-
tortion of the detected signals cccurring at the
receiver dues fo non-linear rectification in the
cetector thereof which comprises varying the car-
rier frequency amplitude at the transmitter non-
linearly with respect to the amplitude of the
modulation frequencies, and employing the mod-
ulation frequencies to modulate the carrier fre-
quency thus varied.

4. In a carrier or radic signalling system, the
method of compensating ifor the intensity dis-
tortion of the detected signals occurring at the
receiver due io non-linear rectification in the
detector thereof which comprises varying the car-
rier frequency amplitude at the transmitter non-
linearly with respect to the amplitude of the mod-
ulation frequencies, distorting the smaller am-
plitudes of the modulating frequencies at the

transmitter in the inverse sense and approxi- 3

mately in the same ratioc as they are distorted
at the receiver due to said non-linear rectifica-
tion, and employing the modulating frequency
so distorted to modulate the carrier frequency
s0 varied.

5. In a carrier or radio signalling system, the
method of compensating for the intensity dis-
tortion of the detected signals cccurring at the
receiver due to non-linear rectification in the
detector thereof, which comprises varying the
amplitude of the carrier freguency at the trans-
mitter non-linearly with respect to the ampli-
tude of the modulating frequencies, and employ-
ing the modulating frequencies to modulate the
carrier freuency thus varied, whilst maintain-
ing the amplitude of the carrier frequency above
a fixed minimum value under control of the

smaller amplitudes of the modulation fre-

quencies.

6. In a carrier or radio signalling system, the
method of compensabing for the intensity dis-
tortion of the detected signals occurring at the
receiver due to non-linear rectification in the
detector thereof, which comprises varying the
amplitude of the carrier frequency at the trans-
mitter non-linearly with respect to the ampli-
tude of the modulation frequencies, stepping the
amplitude of the carrier irequency up to a pre-
determined value non-linear with respect to and
under control of the smaller amplitudes of the
modulation frequencies, and modulating the thus
modified carrier frequencies in accordance with
the modulation frequencies.

7. A radio telephone transmitter comprising a
source of modulating signals, a carrier frequency
source, an antenna, a modulating electron tube
having its output circuit coupled to said antenna,
means for connecting said sources to said mod-
ulating tube so that signal modulated carrier
frequency produced thereby is impressed upon
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said antenna, a rectifier having its input circuit
connected to said signal source, a second elec-
tron tube having its grid circuit connected to
the output circuit of said rectifier and its plate
circuit connected to said medulating tube, a di-
rect current source in said grid circuit, means
including a device in the output circuit of the
rvectifier responsive to signals from said signal
souirce for aliering the grid potential of the sec-
ond electron tuke thereby to control & critical
amplitude of the carrier frequency. in said mod-
ulating tube, and a second rectifier having its
input circuit connected to said signal scurce and
its output circuit connected to said modulating
tube to vary the amplitude of the carrier fre-
quency in accordance with amplitude variations
of the signals.

8. A radio telephone transmitter comprising a
source of modulating signals, & carrier frequency
source, an antenna, a modulating electron tube
having its output circuit coupled to said antenna,
means for connecting the carrier freguency
source to said modulating tube, means for ampli-
fying signals from said signal source inversely in
accordance with the amplitude thereof, means
for impressing such amplified modulating signals
uponr said modulating tube so that the signal
modulated carrier frequency produced thereby is
impressed upon said antenna, & rectifier having
its input circuit connected to said signal source,
a second electron tube having its grid circuif
connected to the output circuit of said rectifier
and its plate civcuit connected to said modulat-
ing tube, a direct current source in said grid
circuit, means including a device in the output
cireuit of the rectifier responsive to signals from
said signal source for altering the grid potential
of the second electron tube thereby to control a
critical amplitude of the carrier frequency in
said modulating tube, and a second rectifier hav-
ing its input circuit connected to said signal
source and its cutput circuit connected to said
modulating tube to vary the amplitude of the
carrier frequency in accordance with amplitude
variations of the signals.

9. A radio telephone transmitter comprising a
source of modulating signals, 8 carrier frequency
source, an antenna, a modulating electron tube
having its cutpub circuit coupled to said antenna,
means for connecting the carrier {requency source
to said modulating tube, means for amplifying
signals from said signal source inversely in ac-
cordance with the ampiitude thereof, means for
impressing such amplified modulating signals
upon said modulating tube so that the signal
modulated carrvier frequency produced thereby is
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impressed upon said antenna, and a rectifier hav-
ing its input circuit connected to said signal
sourece and its output cireuit connected to said
modulating tube to vary the amplitude of said
carrier frequency in accordance with amplitude
variations of the signals. ’

10. A radio telephone transmitter comprising
5 source of modulating signals, a ecarrier fre-
quency source, an anienna, a modulating electron
tube having its outputb circuit coupled to szid an~
tenna, means for connecting said scurces to said
modulating tube so that signal modulated car-
rier frequency produced thereby is impressed upon
said antenna, a rectifier having its input circuit
connected to said signal source, a second elec-
tron tube having its grid circuit connected to the
output circuit of the rectifier and its plate cir-
cuit connected to said modulating tube, a direct
current scurce in said grid circuit, means includ-
ing & device in the output circuit of the rectifier
progressively responsive to signals from said sig-
nal source for stepping up the grid potential of

‘the second electron tube thershby to inecrease the

amplitude of said carrier frequency in said modu-
lating tube to a critical value, and a second rec-

tifier having its input circuit connected to said

signal source and its output circuit connected to
caid modulating tube to vary the amplitude of
said carrier frequency in accordance with ampli-
tude variations of the signals. )

ii. Tn o carrier or radio signalling system, the
meathod of compensating for the intensity distor-
tion of the detected signaly occurring at the re-
ceiver due to non-linsar rectificotion in the de-
tector thereof, which comprises establishing a
fixed value of the carrier frequency amplitude
under control of the smaller intensities of the
modulating frequencies, and varying the carrier

frequency amplitude apove said fixed value at the.

transmitter non-linearly with respect. to said
modulation amplitudes.

12, In a carrier or radio signalling system, the
method of modulating transmitters employing a
carrvier freguency amplitude varying in ac-
cordance with the modulation araplitudes ac-
tuslly employed in the process of modulation and
compensating for the intensity distortion of the
detected signals occurring ab the veceiver due to
non-linear rectification in the detector thereof,
which comprises varying the carrier frequency
amplitude at the transmitter non-linearly with
respect to the original modulation intensities, and
modulating the thus varied carrier frequerncy in
accordance with the modulation frequencies.
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