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CARRIER - WAVE TELEPHONY TRANSMETTERS 
FOR THE TRANSMISSION OF SINGLE-SIDE 
BAND SPEECH SEGNALS 

Johannes Ensink and Jan Verhagen, Hilversum, Nether 
lands, assignors, by mesne assignments, to North 
American Philips Company, Inc., New York, N.Y., a 
corporation of Delaware 

Filed Nov. 25, 1955, Ser. No. 549,086 
Claims priority, application Netherlands Dec. 2, 1954 

2 Claims. (C. 79-15.5) 
The invention relates to a carrier wave telephony trans 

mitter for the transmission of single-sideband speech 
signals in which each speech channel is provided with a 
dynamic control circuit in order to produce volume com 
pression. 

It is an object of the invention to provide a particularly 
advantageous carrier wave telephony transmitter of the 
kind described in the preamble, by means of which inter 
alia a high quality signal transmission can be realized in practice. 

According to the invention, in each speech channel the 
single-sideband signal to be transmitted is supplied to 
gether with a pilot signal having a frequency adjacent 
the signal frequency band and supplied by a pilot gen 
erator to the dynamic control circuit which is controlled 
by a compression voltage derived from a compression 
voltage rectifier which is fed by the single-sideband speech 
signal and the pilot signal. 

In order to obtain quiet control it has proved of ad 
vantage for the single-sideband speech signal and the 
pilot signal to be supplied to the compression voltage 
rectifier via a limiter. 

In order that the invention may be readily put into 
practice, one embodiment thereof will now be described 
in detail with reference to the accompanying drawing, 
in which: 

FIG. 1 is a block diagram of a speech channel of a 
carrier wave telephony transmitter in accordance with the 
invention; 

FIG. 2 shows a control characteristic of the compres 
sion circuit arrangement used, whilst 
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FIG. 3 is a diagram in greater detail of the speech 
channel shown in FIG. 1. 
The speech channel shown in FIG. 1 must transmit 

speech signals which are situated, for example, in the 
speech band of from 0.3 kc./s, to 3.2 kc./s. For the 
speech channel concerned a band width of 4 kc./s, is 
reserved. 

In this circuit arrangement the speech signals supplied 
by a microphone 1 are supplied via a filter 2 having a 
pass band of from 0.3 kc./s. to 3.2 kc./s., which filter 
passes the speech signals, to a single-sideband modulator. 
This modulator comprises a mixer stage 3 which is con 
nected to a local oscillator 4 of frequency, for example, 
30 kc./s. and a single-sideband filter 5 which passes the 
upper side band of from 30.3 to 33.2 kc./s. This single 
sideband signal is supplied after amplification in a channel 
amplifier 6 through a channel filter 7 for further man 
ipulation to a group modulator which is not shown in the 
figure. 

In order to obtain volume contrast compression a 
dynamic control circuit 3 is connected between the single 
sideband filter 5 and the channel amplifier 6. This 
dynamic control circuit comprises an adjustable damping 
network which is controlled by a compression voltage and 
is constituted by rectifier cells. To this dynamic control 
circuit are supplied the single-sideband speech signals of 
from 30.3 to 33.2 kc./s. and also through the single 
sideband modulator 3, 4, 5 a pilot signal supplied by a 
pilot generator 9, the frequency of which signal is situated 
adjacent to the frequencies of the signal band. This 
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2 
level of the pilot signal is arranged to be substantially 
lower, for example 20 db lower, than the speech signals 
at the normal speech level, whilst the frequency of the 
pilot signal is made to be higher than the speech fre 
quency band, and for example is 3.7 kc./s. After fre 
quency conversion in the single-sideband modulator 3, 
4, 5 the pilot signal has a frequency of 33.7 kc./s. and 
is supplied to the dynamic control circuit 8. 

In order to generate the compression voltage for the 
dynamic control circuit 8 the arrangement described con 
tains a compression voltage rectifier 10 which is fed by 
the output voltage of the channel amplifier 6 and has an 
adjusting time constant of, say, 3 m.sec. and a readjust 
ing time constant of 30 msec. By rectification of the 
single-sideband speech signal, across the output circuit 
of the rectifier 10 a voltage is produced which varies with 
the envelope of the single sideband signal, which voltage 
follows the envelope of the speech signals with a higher 
degree of accuracy than the envelope signal which would 
have been obtained by direct rectification of the low fre 
quency speech signals. The output voltage of the recti 
fier 10 is supplied through a threshold device 11 and a 
direct current amplifier 12 as the compression voltage 
to the dynamic control circuit 8 which, due to variation 
in the damping, provides a compression of the single 
sideband speech signal supplied to it. 
When, in the arrangement described, the level of the 

speech signals is increased, this level increase produces 
a corresponding increase in the output voltage of the com 
pression voltage rectifier 10 which is supplied through 
the threshold device 11 and the direct current amplifier 
12 to the dynamic control circuit 8. Thus, the damp 
ing of the dynamic control circuit 8 is increased, which 
results in a damping increase counteracting the level in 
crease, whilst conversely a decrease in the level of the 
speech signals produces a decrease in the damping of 
the dynamic control circuit 8. In the dynamic control 
circuit 8 the pilot signal is subjected to a corresponding 
variation in damping and consequently by its amplitude 
characterizes the compression of the single-side-band 
speech signal supplied to the dynamic control circuit 8. 

In the circuit arrangement shown the output signals of 
the channel amplifier 6 are supplied to the rectifier 10 
via a limiter 13 which must limit any sudden voltage 
peaks. The level at which limiting sets in is chosen such 
that with continuous signals corresponding to loud speech 
no limiting occurs, for example in the embodiment shown 
the limiting voltage is approximately 1.0 volt higher than 
the threshold voltage of the threshold device 11. This 
limiter ensures quiet control whilst, in addition, distor 
tions produced by these voltage peaks are prevented. 
The above explanations are based on the condition of 

operation in which the speech level exceeds the pilot 
signal level. When the speech level falls below the pilot 
level or when no speech signals are produced, the com 
pression voltage is substantially determined by the con 
stant pilot voltage which determines the minimum damp 
ing of the dynamic control circuit 8. Thus, the lower 
limit of the compression control range is determined by 
the level of the pilot signal or, in other words, adjustment 
of the pilot level, for example by means of a voltage di 
vider, permits of adjusting the control range of the com 
pression arrangement at will. 

In this compression arrangement reduction of the con 
trol range ensures that interference signals, for example 
room noise, which occur during speech intervals are trans 
mitted with restricted amplification only. 

FIG. 2 shows the control characteristic of the described 
compression arrangement in which in db the pilot level 
which occurs at the output of the dynamic control circuit 
and the level of the single-sideband speech signal are 
plotted as a function of the level of the single-sideband 
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signal Vin which is supplied to the input of the dynamic 
control circuit. In this control characteristic the pilot 
level at the input of the dynamic control circuit 8, which 
for example is lower by 20 db than the normal speech 
level, is shown by the point P. 
As has been described above, at an input level of the 

single-sideband speech signal which is less than the input 
level of the pilot signal, the dynamic control circuit 8 
exhibits a constant damping, whilst in addition to damping 
of the dynamic control circuit 8 increases with the level 
of the said single-sideband signal. In this event in the 
control characteristic shown the variation of the pilot level 
is shown by the line a, whilst the line b shows the level 
variation of the single-sideband speech signal. The com 
pression control range is shown in the figure by PQ 
and comprises approximately 30 db. 

in the example shown the compression factor is chosen 
very high, which is of particular advantage in view of 
crosstalking between the various channels, since as a result 
level variations between the signals associated with the 
various transmitter channels are reduced to a minimum. 
Thus, for example, in the compression control range PQ 
of approximately 30 db the level of the single-sideband 
speech signal which occurs at the output of the dynamic 
control circuit varies only by 0.5 db. If required, the re 
maining level variations may be completely avoided by 
the use of a limiter connected between the dynamic con 
trol circuit and the end of the channel. 

In spite of the very high compression factor the quality 
of transmission proves to be excellent and, as has been 
found experimentally, materially better than the trans 
mission quality with the use of direct compression of the 
low frequency speech signals. At the receiver end an 
expansion control dependent upon the amplitude of the 
pilot which characterizes the level variations of the initial 
signal permits of recovering the initial speech signal sub 
stantially completely. The use of the pilot signal has the 
additional advantage that even high variations in damping 
of, for example, from 10 to 20 db in the transmitting 
channel do not affect the quality of transmission, whilst 
in addition the rectifier cells of the dynamic control cir 
cuit need not satisfy exacting requirements. 

It should be noted here that in the compression arrange 
ment shown, the back control may be replaced forward 
control, for example by connecting the compression volt 
age rectifier to the output of the single-sideband filter 5. 

FIG. 3 shows in detail the transmitting channel shown 
in block-schematic form in FIG. 1. 

In the arrangement shown in FIG. 3 the speech signals 
supplied by a microphone 14 are supplied via a filter 15 
having a pass-band of from 0.3-3.2 kc./s. to a single-side 
band modulator in the form of a ring modulator which 
comprises an input transformer 16 and an output trans 
former 17, rectifier cells 18, 19, 20 21 being provided be 
tween the ends of the secondary winding of the input 
transformer 16 and the primary winding of the output 
transformer 17. The input transformer 16 has a second 
primary winding 22 to which via a series resistor 23 a. 
pilot signal of 3.7 kc./s. supplied by a pilot generator 24 
is supplied, whilst a local carrier wave oscillator 25 of 
30 kc./s. is connected to the centre taps on the secondary 
winding of the input transformer 16 and the primary 
winding of the output transformer 17. The output signals 
of the ring modulator are supplied via a single-sideband 
filter 26 which passes the upper side band of from 30.3- 
33.2 kc./s. and the converted pilot signal of 33.7 kc./s. and 
via a dynamic control circuit to a channel amplifier 27 
which through an output transformer 28 is connected to a 
channel filter 29. Thus, at the output terminals 30, 31 of 
the channel filter the single-sideband speech signal and the 
pilot signal are produced. 

In the embodiment shown the dynamic control circuit 
is provided with an input transformer 32 and an output 
transformer 33, whilst between the ends of the secondary 
winding of the input transformer 32 and the primary wind 
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4. 
ing of the output transformer 33 a damping network is 
connected comprising the cascade connection of two volt 
age dividers which comprise resistors 34, 35 and 36, 37 
respectively and rectifier cells, for example germanium 
cells 38, 39 and 40, 45 respectively which are connected 
between said resistors, whilst the compression voltage lead 
42 is connected to the junctions of the germanium cells 
38, 39 and 40, 41 respectively. The germanium cells 38, 
39 and 40, 41 respectively act as variable resistors which 
for compression control are controlled by the compression 
voltage. 

In order to generate the compression voltage the output 
transformer 28 has a coil 43 connected to it which through 
a limiter arrangement comprising a series resistor 44' and 
a biassed rectifier cell 44 for limiting sudden voltage surges 
is connected to a compression voltage rectifier 45 pro 
vided with an output impedance comprising a capacitor 
47 which is bridged by a resistor 46, the charge time con 
stant and the discharge time constant (adjustment and re 
adjustment constant respectively) being, for example, 3 
and 30 msec. respectively. The output voltage of the rec 
tifier 45 via a direct current amplifier 49, which by means 
of a grid voltage battery 48 connected in series with the 
rectifier output impedance is connected in class C and 
consequently also acts as a threshold device, is supplied as 
compression voltage to the dynamic control circuit, which 
compression voltage, as has been described with reference 
to FIG. 1, ensures a compression of the single-sideband 
speech signal in the dynamic control circuit. Thus, the 
compression control direct voltage supplied to the dynamic 
control circuit cannot penetrate into the compression 
control circuit through the channel amplifier which passes 
only higher frequencies, so that instabilities are prevented. 

It should be noted here that it is not absolutely neces 
sary to use expansion control at the receiver end, for the 
intelligibility and recognizability of voices is very satis 
factory without the provision of an expansion control at 
the receiver end. 
What is claimed is: 
1. A transmitter comprising a plurality of signal chan 

nels, each signal comprising a source of a single-sideband 
signal lying in a frequency band, a source of a pilot signal 
having a frequency adjacent to said frequency band, a 
dynamic compression control circuit having input and out 
put circuits for signals to be controlled and having a con 
trol signal input terminal, means connected to apply both 
of Said single-sideband and said pilot signals to said input 
circuit, means including a rectifier for producing a con 
trol signal from both of said single-sideband and said pilot 
signals, means connected to apply said control signal to 
said control signal input terminal, a limiter, and means 
connected to apply said single-sideband and said pilot sig 
nals to said rectifier through said limiter. 

2. A transmitter for the transmission of a plurality of 
single-sideband speech signals originating from a plurality 
of separate speech channels, each of said channels compris 
ing a source of a single-sideband signal, a source of a pilot 
signal having a frequency adjacent said single-sideband 
signal, dynamic compression means having input and out 
put circuits for signals to be controlled and a control signal 
input terminal, means connected to apply said single side 
band signal and pilot signal to said input circuit, means 
producing a control signal from said single-sideband signal 
and pilot signal comprising limiter means and rectifier 
means, and means applying said control signal to said in 
put terminal, and means combining the signals from the 
output circuits of the compression means of each of said 
channels. 
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