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The present invention relates generally to sig 
nal modulated carrier current transmission over 
power supply lines and more particularly to an 
arrangement for reducing the hum superimposed 
upon the carrier in such systems by the power 
line frequency or alternating current power. In 
most power supply networks, the frequency of the 
current is either twenty-five or sixty cycles. 
When a carrier is transmitted over Such power 
lines, the power line frequency becomes super 
imposed as a modulation. On the carrier and is 
made evident as a disturbing hum in the receiver. 
In such arrangements it is not feasible to filter the 
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hum because it is present as a modulation on the 
carrier and it is therefore not susceptible to filter 
ing. The hum is present as a modulation on the 
carrier because practically all power lines have 
within themselves or in the equipment connected 
thereto at least One contact which acts as a recti 
fier although an imperfect rectifier. Despite the 
fact that such rectifiers are relatively inefficient, 
it has been general experience that with the high 
alternating current voltages present in such lines, 
a carrier transmitted along this line is modulated 
by the alternating current frequency. 
In accordance with the present invention, the 

effect of Such undesired modulation is minimized 
by increasing the low frequency signal modula 
tions of the carrier with respect to the high fre 
quency signal modulation at the transmitter and 
compensating for the accentuation of low fre 
quencies at the receiver. In other words, the 
transmitter is provided with means for preem 
phasizing the low frequencies and the receiver is 
provided with means for de-emphasizing the low . 
frequencies to thereby compensate for said pre 
emphasis of the low frequencies. 
Warious other objects and advantages of the 

invention will appear from the following descrip 
tion. When read in conjunction with the appended 
drawing. 

In the drawing: 
Figure 1 illustrates, in diagrammatic form, a 

carrier frequency transmission System oper 
able over a power Supply line and incorpo 
rates a preferred type of transmitting means 
and three possible receiving means; and, 

Figure 2 illustrates a low frequency pre-em 
phasis network which may be used in place of 
the pre-emphasis network shown in Figure 1. 
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Referring now more particularly to Figure 1 of 

the drawing, the power Supply line Over which 
signal modulated carrier energy is to be transmit 
tedisrepresented generally by two conductors, 2 

nating current netWork. The carrier frequency 
signalling system may comprise a microphone 7, 
an audio frequency amplifier 8, a modulator 9, a 
network comprising series inductance 3 and shunt 
resistor 4, a carrier frequency generator 0, and a 
carrier frequency amplifier the output of which 
is impressed across the power supply line , 2 by 
means of conductors 2 and 3. The electrical 
energy impressed across the input terminals 5 
and 6 of amplifier 8 by the device 7 may represent 
speech, music, or, in general, any signals in the 
audio frequency range which it is desired to 
transmit. The amplified audio frequency energy 
is then utilized to modulate the carrier frequency 
energy generated by generator f0. For this pur 
pose the modulation energy and the carrier ener 
gy are combined in the modulator 9 and the re 
sulting signal modulated carrier after being am 
plified in amplifier is impressed across the 
power supply line , 2. The network including 
series inductance 3 and shunt resistor 4 through 
which the audio frequency paSSes, constitutes a 
low frequency pre-emphasis network by virtue of 
the fact that the series inductance 3 has a reac 
tance which increases directly with frequency, 
whereas the shunt resistor 4 has a resistance 
which is independent of frequency. The voltage 
across resistor 4 available for modulating the 
carrier when a constant Voltage is applied across 
terminals 5 and 6 therefore, decreases with in 
creasing frequency. This has the effect of rais 
ing the percentage of the low frequency com 
ponents with respect to the modulation due to 
the higher frequency components thereby pro 
viding the required low frequency pre-emphasis. 
Signals impressed upon the power line by a 

transmitter like that described above may be re 
ceived anywhere along the power line , 2 by con 
necting a suitable receiving circuit to the power 
line. Three different types of receivers have 
been shown in Figure 1. Receiver I comprises an 
ordinary carrier frequency receiver which may 
be tuned to the frequency of the energy generated 
by carrier generator 0. The input of receiver I 
is connected by means of conductors 4 and 5 
across the power line , 2 and its output is con 
nected through conductors 33 and 34 to a suit 
able reproducing device such as a loudspeaker 
9. Since, as pointed out above, the carrier im 

pressed upon the power line , 2 by the trans 
mitter is modulated by audio frequency energy, 
the low frequency portions of which are pre-em 
phasized, it is necessary for proper reproduction 
to de-emphasize the low frequencies. For this 

which may be the two conductors of an alter- 65 purpose there is incorporated a network cons 
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sisting of the series capacitor 1 and shunt re 
sistor 8 which will decrease the response to low 
signal frequency with respect to the response to 
the higher signal frequencies. It will be evident 
from the above that along with the reduction of 
low frequency by network and 8 the hun 
modulation introduced by the power line or ap 
paratus connected thereto is likewise reduced. 
If the time constant of the pre-emphasizing net 
Work 3 and 4 at the transmitter is made equal 
to the time constant of the de-emphasizing net 
Work 7 and 8 at the receiver, the over-all trans 
mission for signal frequencies impressed across 
terminals 5 and 6 to the speaker 9 will be uni 
form. Under these conditions the boost in low 
frequencies at the transmitting end is compen 
sated for by the low frequency selective attenu 
ator at the receiver. Since the hum frequencies 
in power line , 2 are not accentuated at the 
transmitter but are attenuated by network 
and 18 at the receiver, there will be a net reduc 
tion of hum frequencies with respect to the Sig 
nal. 
The time constant of an inductance-resistance 

network is given by the expression L/R where Ti 
is the inductance and R is the resistance of the 
network. Similarly, the time constant of a re 
sistance-capacity network is given by the ex 
pression RC where R is the resistance and C 
the capacitance of the network. It is seen there 
fore that for uniform over-all response, L/R at 
the transmitter should be made equal to RC at 
the receiver. 
In receiver II the de-emphasizing network , 
8 is placed between the detector 2 and the 
audio frequency amplifier 22 of the receiver. In 
this receiver, the input of carrier frequency 
amplifier 20 is connected to power line , 2 
through conductors 29 and 30, and the Output 
of amplifier 20 is fed into detector 2. The de 
tected energy is then fed through conductors 
35, 36 and de-emphasizing network il, 8 to 
audio amplifier 22 where it is amplified and im 
pressed across reproducer 9. 

Receiver III shown in Figure 1 is a Super 
heterodyne receiver. In this case signal modul 
lated carrier on the power line , 2 is impressed 
upon a carrier frequency amplifier 23 through 
conductors 3 and 32 and after amplification fed 
to a first detector oscillator circuit wherein the 
amplified carrier frequency energy is combined 
With locally generated oscillations in order to 
produce intermediate frequency energy. The 
intermediate frequency energy is amplified in 
intermediate frequency amplifier 25 and then 
detected in a second detector 28. The resulting 
audio frequency output of detector 26 is then 
amplified in an audio frequency amplifier 2 
and fed to another audio frequency amplifier. 26 
through conductors 37 and 38 and de-emphasiz 
ing network fl and 8. 

Referring to Figure 2 which illustrates an 
other suitable network for pre-emphasizing the 
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low frequencies, the network 39 and 40 may be . 
substituted for the network 4 and 3 shown in 
Figure 1. Element 4 comprises a resistor which 
is series connected in conductor 42 while ele 
ment 39 comprises a shunt capacitor connected 
between conductors 4 and 42. 
In the arrangement shown in Figure 2, assum 

ing that a constant voltage is applied across the 
terminals 43 and 44, the low frequencies will 
be attenuated less than the higher frequencies 
since the series resistance 40 has a resistance 
which is independent of frequency and the shunt 
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capacitance 39 has a reactance which varies in 
versely as the frequency. Thus, the energy avail 
able across the output terminals 45 and 46 has, 
in effect, its low frequencies pre-emphasized. If 
the pre-emphasizing network shown in Figure 2 
is substituted for the pre-emphasizing network 
3 and 4 shown in Figure 1 then the product of 
the resistance of resistor 40 and the capacitance 
of condenser 39 should be made equal to RC 
for uniform frequency response of the System 
where R' and C are as stated heretofore. 
While I have disclosed several preferred en 

bodiments of my invention, it is to be understood 
that the invention is not limited to the details 
disclosed herein but may be varied within the 
scope of the following claims. 
What claim is: 
1. In a carrier current transmission System 

operable over an alternating current power Sup 
ply line, a transmitter connected to said supply 
line, said transmitter including signal modulat 
ing means, a receiver for reproducing the signal 
modulations of said carrier connected to the 
power supply line, a network, interposed between 
the modulating source, and the transmitter, ar 
ranged to increase the modulation of low fre 
quencies with respect to the modulation of the 
higher frequencies and a compensating network 
interposed between the detector of the receiver 
and the reproducer thereof. 

2. In a system of the kind described, a power 
supply line, a Source of audio frequency signal 
energy, a carrier generator, a modulator for 
modulating the carrier energy by said audio fre 
quency energy and coupling means for impress 
ing the modulated carrier energy, upon said 
power line, a receiver for said signal modulated 
carrier connected to Said power Supply line, Said 
receiver including a reproducing device, means 
at the transmitter for pre-emphasizing the low 
frequencies of said audio frequencies and means 
at the receiver for compensating for Said pre 
emphasis. 

3. In a System for transmitting signal modu 
lated carrier current over an alternating cur 
rent power Supply line, a transmitter connected 
to said power line including a source of carrier 
current and modulating means, a receiver Con 
nected to said power line for reproducing the 
modulation of Said carrier, Said transmitter in 
cluding a netWork for pre-emphasizing the modul 
lation of low frequencies with respect to the 
modulation of the higher frequencies, said re 
ceiver including a compensating network for de 
emphasizing the modulation of low frequencies 
With respect to the modulation of higher fre 
quencies whereby the original relationship be 
tween the low and high frequencies of the modul 
lation is substantially reestablished. 

4. In a System for transmitting signal modu 
lated carrier energy Over an alternating current 
power supply line, the method of reducing the 
effect of cross-modulation between the alternat 
ing current of the power supply line and the sig 
nal modulated carrier energy which includes the 
steps of pre-emphasizing the low frequency end 
of the modulation at the transmitter, generating 
the carrier frequency, modulating the carrier 
frequency With the resulting modulation energy, 
impressing the modulated carrier frequency upon 
the power Supply line, deriving the energy im 
pressed. Lupon the power supply line at a remote 
point, detecting the derived energy, de-emphasiz 
ing the low frequency end of the detected energy 
and translating the resulting energy. 
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5. In a system for signalling over an alternat 

ing current power Supply line, translating means 
for producing audio frequency current represent 
ing the signals to be transmitted, a source of car 
rier frequency current, a modulator for modulat 
ing the carrier current by the audio current, 
Said Source of audio frequency current being con 
nected to Said modulator through a network 
having means for pre-emphasizing at least that 
portion of the lower frequencies of said audio 
frequency current which includes the frequency 

10 
of the power Supply line alternating current, an 
amplifier for amplifying the resulting modulated 
Carrier Current and coupling means for in 
pressing the amplified current across the power 
Supply line. 

6. In a System for receiving signal modulated 
carrier current impressed upon an alternating 
Current power supply line by an arrangement 
Such as described in claim 5, a detector having 
an input circuit and an output circuit, a receiver 
for coupling the detector input circuit to said 
pOWer Supply line, said receiver being arranged 
to intercept the signal modulated carrier cur 
rent impressed upon the power Supply line and 
impreSS electrical energy representing said in 
tercepted energy upon the input of said detector, 
an audio frequency utilizing device, and a net 
Work for connecting said utilizing device to said 
detector output, said network having means for 
de-emphasizing the frequencies pre-emphasized 
at the transmitter. 

7. In a system for signalling over an alternat 
ing current power Supply line, translating means 
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for producing audio frequency current represent 
ing the signals desired to be transmitted, a source 
of carrier frequency current, a modulator con 
nected with said translating means and said 
Source of carrier current for modulating the car 
rier current by the audio frequency current, said 
Source of audio frequency current being connected 
to Said modulator through an inductance-re 
Sistance netWork including a series inductance 
and a shunt resistor, said network having a 
predetermined time constant and acting to pre 
emphasize at least that portion of the lower fre 
quencies of the audio frequency current which 
includes the frequency of the power supply line 
alternating current, coupling means for in 
pressing the resulting modulated carrier current 
acroSS the power line, a detector having an input 
circuit and an output circuit, a receiver for con 
necting the detector input circuit to a remote 
point of Said power supply line, said receiver be 
ing arranged to intercept the signal modulated 
Carrier current impressed upon the power line 
and impress electrical energy representing said 
intercepted energy upon said detector input, an 
audio frequency utilizing device and a resistance 
capacity network including a series condenser 
and a shunt resistor and having a predetermined 
time constant for connecting said utilizing de 
vice to said detector output circuit, resistance 
capacity network having a time constant which 
is Substantially the same as said first named time 
constant, Said last named network acting to de 
emphasize Said pre-emphasized frequencies. 

DUDLEY E. FOSTER, 


