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A999,43 

TELEEPSACBNEC TRANSREEER, 
iLeo Pungs, Brunswick, Germany RESSEED 

Alication TVSay 2, 932, Seria No. 603,669 
in Germany Ray 2, 931 
3 Cairis. 

A nodulatiig arrangement for Wireless trans 
raiters has been proposed winerein the intensity 
Of the carrier frequency varies in accordance with 
the intensity of modulation. In this method, the 
carrier CU1 rent is not kept constant, as was usual, 
but is varied in proportion to the nodulation in 
tensity so that if the volume is small, less energy 
is a diated. This results in a saving of energy, 
and the reduction at the receiver of disturbances 
Such a 3 &tii10Spheric disturbances or those caused 
by tie heterodyning of transmitter's. The meth 
Cd, iOWeyer, has the disadvantage that distor 
tions arise at the receive since the rectifiers cus 
toil&ry at the present day have a non-linear, for 
instance, quia diatic operation. These distortions 
have the 8ffect that if the modulation intensity is 
10W, the reproduction at the receiver is still fur 
ther Weakened, but if the intensity is high the re 
production is strengtinened. Therefore, the in 
tensity of regioduction is distorted. In other 
Words, tins relationship between “ioud and “soft' 
is exaggeiated. 

the inventioin has for its object to do away with 
Such distortions. It does so by ineasures adopted 
at tile transii itter and which rainly consist in so 
Varying the carrier frequency amplitudes as to 
Compensate in advance distortions effected at the 
aceive. 
The invention will be understood from the fol 

lowing description and be particularly pointed out, 
in the appended clains, reference being had to 
the accompanying drawings in which 

Fig. 1 is a diagran illustrating the operation 
of the receivers With the prior arrangements at 
the transmitter hereinbefore referred to. Fig. 2 
shows the circuit arrangement of one embodiment 
Of the invention. EigS. 3, 4 and 5 are diagrams 
that relate to the operation of other embodiments 
of the invention. Fig. 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 II) 
is plotted against the input voltage ate. Curve 
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 a 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 
receiver, with reference to equal modulation al 
plitudes, are Subjected to very large fluctuations. 
This can also be seen from the gradient curve II 
in Fig. 1. In a first approximation it may be as 

formers Ti and T2 connected in parallel. 

(C. 250-6) 
Suinned that the mean intensity is proportional to 
the gradient of curve I. The gradient curve for 
a quadratic gave is a straight line (II in Fig. 1); 
With Sinal 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 
tortior would therefore be exceedingly great if a. 
proportionally variable carrier current is en 
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 a ?court of the quadratic rectification charac- : 5 
teristic. he carrier current then fluctuates in 
intensity in accordance with these intentionally 
disto;ted modulation amplitudes and not in pro 
portion to the modulation amplitudes normally 
eployed. 
In order to obtain a variable amplification of 

the Small a.ind large ainplitudes a circuit arrange 
inent inay advantageously be employed embody 
ing a double-grid tube, the gradient of the charac 
teristic of which, as is well-known, is dependent 25 
upon the Space charge voltage. This voltage it 
Self is Varied in accordance with the nodulation 
amplitudes. To Such end, a relatively simple ad 
ditional apparatus to the transnitter inay be 
employed, that is, an apparatus which can easily () 
be renoved again. With this apparatus it is also 
possible to compensate intensity distortions pro 
duced by any part of the transmitting installa 
tion. 
This additional apparatus is the one illus- 35 

trated in Fig. 2. The currents derived from the 
circuit of the microphone M act on two trans 

he 
Secondary of the transformer TA is connected to 
One grid of a double-grid tube D. The secondary 
of the transformer 'i' is connected to a two-way 
rectifier which, in the example illustrated, com 
prises two rectifier tubes G!. The voltage applied 
to the Space-charge grid R is dependent upon 
the magnitude of the rectified modulation cur- 45 
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 
nodulation amplifier W of the transmitter proper, 
Which operates with a varying carrier frequency 
amplitude. 
With this method, however, very high degrees 
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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. Inay also easily occur. 

For this reason, according to a further fea 
ture of the invention, the carrier frequency am 
plitude is Varied in non-linear Felation. With the 
modulation amplitudes actually employed for 
modulation. The amplitudes actually employed 
for modulation inay 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 certain degree permissilole in 
practice. This proposed deviation is hereinafter 
referred to as “adaptation of the carrier current 
to the denodulation chai'acteristic.’ 
The fundamental idea of this method can be 

Seen from Figs. 3 and 4. Curve I of Fig. 3 is again 
the derinodulation characteristic, it being assumed 
to be a purely quadratic curve (parabola) over 
the first part. The straight line II is the gradient 
curve for the paraboia (that is, the first differ 
ential coefficient as a function of the voltage). 

If reproduction is required in which he 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 several points of equal gradient on 
the demodulation characteristic. The curve III 
is then obtained as the variation curve of the 
carrier Current (ii). This curve represents the 
carrier current of the transritter' (it) Or the volt 
age proportional to it at the receiver (ue) as a 
function of the nodulation voltage (atm), and is 
plotted in the downward direction in Fig. 3. In 
the intervals, the current is zero and rises im 
Inediately at Very Sinai values of the modula 
tion Voitage to the constant naximum value itn. 
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 better utilization of the method of 

Variable carrier current is possible according to 
the invention. When Sonne variation of the in 
tensity relationship is perinitted, say up to 50% 
as the maximum variation of intensity for the 
Weak points. If it is borne in Iihind that, for in 
stance, in the broadcast 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 lapid 
ly rises, in the first instance, to the value itn/2 
Which is half of the otherwise constant maxi 
mum carrier current (corresponding to the 
permissible 50% 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, at 
the value itn. of the carrier current, the gradi 
ent as shown on curve II is only half as great 
as with the maximum carrier current itn, 
the intensity distortion amounts to as much as 
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50%. 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 
irier 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 
raodulation curve coin prises 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 invention, the carrier current would then 
be varied according to the curve III. For SYmall 
values of the modulation voltage, the value of the 
cairier clicient rises in Such a nanner 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 II. 

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 Fig. 
5 by curve I. Moreover, continuous curves with 
a variable gradient may be used, such as for in 
stance the curve. It of the same drawing. It is : 
also unnecessary to allow 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 proportion to the normal 
or intentionally distOrted modulation voltage, 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 coulse, 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 gow 
discharge relays or other well-known imeans 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 III in Fig. 4. A valve Ri Sup 
plying the antenna. A of a separately excited 
transmitter is supplied with high frequency en 
ergy fron a Source HF. The modulation of the 
transmitter is effected in the grid circuit from 
the microphone M through an amplifier V and 
a transforliner ii. 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 W2 and a rectifiel 
GA to a condenser C2 of the grid circuit in Such a 
ianner 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 
ond path is branched off from the modulation cir 
cuit, through a rectifier G2 to an electric tripping 
relay K. This relay closes the circuit of the bat 
tery B at Small modulation voltages, and through 

5 

10. 

35 

40 

5 5 

60 

  



5 

O 

2 5 

40 

45 

5 5 

60 

65 

5 

1999,143 
the tube R3 produces at the condenser C an ad 
ditional voltage which brings the carrier current 
irmediately 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 not 
to the Sound oscillations. 

In Order to assist the companisation 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 above 
With reference to Fig. 2. In this case the device 
Wi shown in Fig. 6 comprises not only a simple 
anplifier but also 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 
beginning into 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 ann 
plification without using the second form of con 
Struction of the invention, as stated above, to use 
very large degrees of ainplification. Which are 
infinite in the limiting case, for the small ampli 
tudies. 
The fundainental idea. Of the invention can 

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 caused 
thereby but also to remove Wholly or partly an 
intensity distortion caused by the receiving appa 
ratus. For instance, if the difference of thenodul 
lation intensity between “loud' and “soft' 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 
Wantages 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, meains connecting said microphone to 
Said valve tube whereby said carrier frequency is 
nodulated 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 
inicrophone, a second valve tube, this second rec 
tifier being arranged in the grid circuit 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 tube and 
connected in Series with the first said capacity. 

3. In a carrier or radio signalling System, the 
method of conpensating 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 cal 
rier frequency amplitude at the trainSinitter non 
linearly with respect to the amplitude of the 
nodulation frequencies, and eimploying the nod 
ulation frequencies to nodulate the carrier fre 
dency thus varied. 

4. In a carrier Ol' radio signalling Systein, the 
method of corn pensating 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 car 
rier frequency amplitude at the transmitter non 
linearly with respect to the amplitude of the nod 
Ulation frequencies, distorting the Smaller a? 
plitudes of the modulating frequencies at the 
transmitter in the inverse sense and approxi 
nately in the Sane ratio as they are distorted 
at the receiver due to said non-linear rectifica 
tion, and employing the inodulating frequency 
so distorted to modulate the carrier frequency 
So varied. 

5. In a carrier or radio Signalling Systein, the 
method of compensating 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 
Initter 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 Signaling System, the 5: 
method of compensating 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 frequency 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 
nodified 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 
troin tube having its grid circuit connected to 
the Output circuit of said rectifier and its plate 
circuit connected to said modulating tube, a di 
rect current Source in Said grid circuit, means 
including a device in the output circuit of the 
rectifier responsive to signals from said signal 
SOUrce for altering the grid potential of the sec 
Ond election the thereby to control a critical 
amplitude of the cairier frequency in said nod 
ulating tube, and a second rectifier having its 
input circuit connected to said signal Source and 
its output circuit connected to said modulating 
tube to vary the amplitude of the carrier fre 
quency in accordance With annplitude variations 
of the signals. 

8. A radio telephone tranSinitter comprising a 
Solice of modulating signals, a carrier frequency 
Source, an antenna, a nodulating electron tube 
having its output circuit coupled to Said antenna, 
means for connecting the carrier frequency 
Source to said modulating tube, means for ampli 
fying Signals from Said Signal Source inversely in 
accordance With the anolitude thereof, means 
foi' impressing Such aimplified modulating signals 
upon Said modulating tube So that the signal 
nodulated carrier frequiency produced thereby is 
impressed upon Said antenna, a rectifier having 
its input, circuit connected to Said signal Source, 
a Second election tube having its grid circuit 
connected to the output circuit of said itectifier 
and its plate circuit connected to said modulat 
ing tube, a direct current source in Said grid 
circuit, means including a device in the output 
circuit of the rectifier responsive to signals fron. 
said signal source for altering the grid potential 
of the second election tube thereby to control a 
critical amplitude of the carrier frequency in 
Said inodulating tube, and a Second rectifier hav 
ing its input circuit connected to said signal 
Source and its output 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 inodulating signals, a carrier frequency 
Source, 3... anterina, a jodulating electron tube 
having its cutput circuit coupled to said antenna, 
Years for connecting the carrie' frequency source 
to Said nodulating tube, ineains for anplifying 
Siginals froin Said signal Source inversely in ac 
cordance With the aisapiitude thereof, nieans for 
impressing Such airlified modulating signals 
upon said Inodulating tube So that the signal 
nodulated carrier frequency produced thereby is 

1,999,148 
impressed upon said antenna, and a rectifier hav 
ing its input circuit connected to said signal 
Source and its output circuit 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 
& Source Of Inodulating Signals, a carrier fre 
Quency Source, an anizeniha, a nodulating electron 
tube having its output circuit coupled to said an 
tenna, means for connecting said sources to said 
nodulating tube so that siginal modulated car 
rier frequency produced thereby is impressed upon 
Said antenna, a rectifier having its input circuit 
CO:linected to Said Signal Source, a second elec 
tron tube having its grid circuit connected to the 
Olitput circuit of the rectifier and its plate cir 
cuit connected to said modulating tube, a direct 
Curfeit SCurce in Said grid circuit, means includ 
ing a device in the output circuit of the rectifier 
pirogressively responsive to signals from said Sig 
nal Source for Stepping up the grid potential of 
the Second electron tube thereby to increase the 
airpituide cf Said carrier frequency in said modul 
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 
Said nodulating tube to vary the amplitude of 

carrier frequency in accordance with annpli 
Variations of the signals. 

i. In a carrier or radio signalling system, the 
in 8thod of conpensating for the intensity distor 
tion of the detected signals occurring at the re 
ceiver due to non-linear rectification in the de 
tector thereof, which comprises establishing a 
fixed value of the carrier frequency amplitude 
lde COnt'Oi Of the Shaie intensities of the 
riodulating frequencies, and varying the carrier 
frequency amplitude above said fixed value at the 
transmitter in on-linearly with respect to said 
Inodulation airplitudes. 

12. In a, carriei or radio signalling system, the 
method of modulating transmitters employing a 
cal"riel' frequency annplitude varying in ac 
cordai:ce with the modulation anpiitudes ac 
tually employed in the process of nodulation and 
compensating for the intensity distortion of the 
detected Signals occurling at the receiver 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 
I nodulating the thus varied carrier frequency in 
accordance With the modulation frequencies. 
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